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About this book 


This book is about the properties of the stars that make up the 88 constellations: 
how far away they are, their diameters, their color, mass, luminosity, magnitude 
and shape, whether they are part of a binary or multiple star system, whether 
they have planets or are surrounded by a debris disk. The illustrations take the 
reader from the pinpoints of light seen through a telescope’s eyepiece to an 
image of what the individual stars would look like as if they were only a few 
astronomical units away. The text supplements the images by providing 
additional information to put each star in context. 
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Introduction 
SS 


That most famous of all star atlases, Norton’s, is now in its Twentieth Edition and, 
under the expert editorship of Ian Ridpath, is still the amateur astronomer’s 
favorite. Over the past decade or so it has been joined by a number of new kids 
on the block such as Uranometria 2000.0 and Sky Atlas 2000.0 and several 
planetarium-type software programs. These road maps of the night sky are 
invaluable for finding your way around the constellations and locating a 
particular star but they all suffer from the same problem. 

If you were to look at a real road map of, say, England then you should easily 
be able to find your way between Cambridge in the south of the country and 
Corbridge in the north. But there is nothing on a road map to indicate that 
Cambridge is one of the world’s great university cities while Corbridge is a small 
market town. It is not until you actually get there that you realize the difference. 
And that is the problem with the current crop of star atlases: they do not reveal 
what the individual stars look like. Yet there is an almost infinite variety of 
colors, diameters, shapes, luminosities, distances, magnitudes and so on. Some 
constellation books go a little further and will describe particular stars, but unless 
you have a really good imagination and an unprecedented grasp of stellar 
dimensions then even this information is difficult to assemble into a realistic 
mental picture. The Star Atlas Companion overcomes this problem by graphically 
illustrating the various stars and star clusters. 

This book came about when I was preparing a talk on the size of the Universe. 
No matter where I looked there was a dire shortage of images I could use to 
illustrate the talk. So I created my own. Having done that it occurred to me that I 
could write a book that would supplement those star atlases currently on the 
market, and which would help amateur astronomers gain a better idea of what 
they are actually looking at. 

It seemed like a good idea at the time. Gather some information on the 
physical properties of the stars, write a brief description of each and draw a set of 
diagrams to illustrate their appearance, distances and so on. Then things started 
to get complicated. 

First, there are few absolutes to work with. Stellar theory ties together a star’s 
diameter, its mass, luminosity, magnitude and distance as well as a number of 
other parameters. In some cases stars fit the theoretical model perfectly. More 
often than not, however, some of the figures just don’t add up. In addition there 
are usually several sets of contradictory data for most stars. So what do we do? Do 
we adjust the figures so they all fit nicely together? Or do we just use the data we 
have even though some of it does not appear to be right? We have to go with the 
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latter purely on the basis that we should tweak our theories to match 
observations, not doctor the observations to match the theories. 

The second problem is the sheer number of stars. Just limiting the selection to 
those stars that we can see without optical aid still runs to more than 3,000 stars 
- far too many to include in a book such as this. So I have had to be selective. I 
have mostly restricted the selection to stars that are brighter than magnitude 
+5.5. People with good eyesight can see stars that are a full magnitude fainter 
than this if their sky is sufficiently dark, but the fact is that most readers will live 
in urban areas where light pollution has drowned out the fainter stars. I have 
tried to include the more interesting stars - those that are unusual or which add 
to the cosmic story - at the expense of the more mundane stars if, indeed, any 
star could truly be considered mundane. But if I have missed a particular favorite 
of yours then do let me know and should this book run to a second edition then I 
will certainly consider including it. 

Occasionally I have broken my own rules. Some classes of variable stars, for 
example, are named after prototypes that are not visible to the naked eye. I have 
included some of these prototypes to help the reader make sense of the 
differences between the various types. In addition, many of the apparently single 
stars turn out to be part of binary or multiple star systems when viewed with 
even modest optical aid. It would be plain daft not to include their companions. 

Finally, we have chosen to illustrate this book with black and white images 
but, of course, we live in a highly colorful Universe. I hope this limitation will 
not detract from the purpose of this book: to visualize our small corner of the 
Galaxy. 


Making sense of the data 
SS 


This chapter covers the language and symbols we will use throughout this book 
and describes some of the problems and gray areas, which the reader needs to 
bear in mind. 


Star names and designations 


Astronomy has a language all of its own: a mixture of Greek and Latin, 
mathematical and chemical symbols and countless abbreviations. If you are a 
newcomer to astronomy then the descriptions of the stars may look like they 
came out of a book on black magic, but once you understand the shorthand it all 
makes sense. 

The Greek alphabet is commonly used in astronomy, with many stars in each 
constellation labeled using lower-case Greek letters. Johann Bayer (1572-1625) 
introduced this Greek letter system as a way of identifying stars in his star atlas 
Uranometria, published in 1603. The Greek (Bayer) letters are used with the Latin 
genitive case of the constellation name. Table 1 shows the Greek alphabet in full. 
Note that there are two sigmas, a lowercase o and an upper case %; the latter is 
used to identify certain double stars. 

Of course, Bayer was not the only astronomer to draw up a catalog and other 
designations are routinely used throughout this book. These include Flamsteed 
numbers, such as 1 Andromedae and 20 Scorpii. John Flamsteed (1646-1720), 
Britain’s first Astronomer Royal and Director of the Royal Greenwich Observa- 
tory, cataloged the stars using numbers instead of letters. A century later 
Friedrich Argelander (1799-1875) compiled his 324,188 star Bonner Durchmuster- 
ung catalog and identified those stars that varied in brightness by using the 
double letters RR-RZ, SR-SZ and so on all the way up to ZZ. Stars are sometimes 
still given their BD number. Another important catalog was compiled by the 
American astronomer Henry Draper (HD) and you will find many references to 
HD stars in this book. Other commonly used catalog numbers are those of the 
Smithsonian Astrophysical Observatory, SAO, and the Tycho catalog, TYC, 
which was compiled from the data sent back by the Hipparcos satellite that 
mapped the celestial sphere in unprecedented detail. In the wider literature you 
will find reference to HR, the Harvard Revised Catalog, ADS, Aitken Double Star 
Catalog and WDS, the Washington Double Star Catalog although these are not used 
here. 

Far older than any catalog are the traditional names of the stars such as Sirius 
meaning ‘sparkling’ and the more sinister sounding Algol, ‘the Demon Star.’ | 
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Table 1: The Greek alphabet 


alpha 
beta 
gamma 
delta 
epsilon 
zeta 

eta 
theta 
iota 
kappa 
lambda 
mu 

nu 

xi 
omicron 
pi 

rho 
sigma 
tau 
upsilon 
phi 

chi 

psi 
omega 
Sigma 
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have included some of the better known names, but I have left many out as this 
book is not really about how the stars got their names. I have however 
highlighted a couple of dubious names that have recently come into existence; 
the result of schoolboy pranks spreading across the Internet. 


Natural yardsticks 


On a galactic scale the usual forms of measurement, such as the kilometer for 
distance and the kilogram for mass, become woefully inadequate. Instead we 
have to use, for example, the size of the Earth, the Sun and the Solar System as 
our yardsticks otherwise the numbers become just too big to grasp. Table 2 
summarizes the yardsticks we will be using in this book. 

Table 2 introduces a couple of new symbols: ® for the Earth and © for the Sun 
and these are used extensively throughout the text. 

I will often use words in place of numbers simply because a text full of 
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numbers is a very dry read. I have avoided the use of ‘billion’ for several reasons. 
One is that a billion means different things to different people. An American 
billion is one thousand million (10?) but a British billion is a million million 
(1012), so there is obvious room for confusion. My second, more important 
reason is people’s grasp of big numbers. Most people know how big a thousand is 
and can imagine how big a million is, but a billion is totally incomprehensible. 
The third reason is because of some of the comparisons we will be making. Stars 
like the Sun will typically live for around 10,000 million years but some very 
massive stars will last only a few tens of millions of years. That’s fine because we 
are comparing tens of millions with thousands of millions. But once we start 
throwing billions into the mix the comparison is not so obvious. This book is all 
about perspective, comparing the stars to our own Sun and its planetary system 
so readers can get a real feel for how big the Galaxy and its components are. 
Standardizing all the measurements makes such comparisons easier. 

Finally, the metric system is used throughout. Except for the word ‘yardstick’, 
which doesn’t sound right when converted to a ‘meterstick’! 


Distance measurement 


Professional astronomers use the parsec, a shortened term for parallax second, to 
measure distance. A parsec is the distance at which the mean radius of the Earth’s 
orbit (i.e. 1 AU) subtends an angle of one arc second. It is abbreviated as pc. 
Amateur astronomers almost invariably use the light year, which is the distance 
traveled by a beam of light in one year, equivalent to 9,460,500,000,000 km or, 
in words, about 10 million million kilometers. This is easier to understand and is 
the standard form of distance measurement we will be using. A parsec is 
equivalent to 3.2615 ly or 30,855,420,750,000 km (about 31 million million km). 
We will often use ‘10 pc’ as this is the distance at which stars are ‘placed’ in order 
to calculate their absolute magnitudes (see section on Magnitude below). 

Whenever we measure something there is an element of error, and gauging 
the distances to the stars is no different. Up to about 60 ly the error is relatively 
small. By the time we reach 100 ly the error is typically in the order of 1 ly. In 
other words a star that is said to be 100 ly away is, in reality, probably between 99 
and 101 ly. At 1,000 ly the error is commonly about 165 ly while at 2,000 ly it can 
be around 500 ly. 


Stellar diameter, D> 


When we wish to describe how big a star is it is convenient to compare it to the 
size of the Sun. So a star might be described as being ‘four times bigger than the 
Sun.’ Professional astronomers tend to use solar radii or Ro when making 
comparisons, and for good mathematical reasons. But the rest of us see the Sun 
and stars as whole spheres or disks and naturally think in terms of solar diameters 
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Table 2: Useful yardsticks 


The yardstick The measurement 


Earth, ® Diameter: De 12,756 km 
Mass: Me 5.97 x 1074 kg 
Volume: 1.083 x 10'? km? 


Jupiter, J Diameter: D, 142,800 km or 11.2 Earths 
Mass: M, 1.9 x 10?” kg or 317.9 Earths 


Sun, © Diameter: Do 1,392,000 km or 10° Earths 
Mass: Mo 1.989 x 10° kg or 333,000 Earths 
Volume: Vo 1.412 x 10'® km? or 1,303,782 Earths 
Apparent magnitude, my: -26.8 
Absolute magnitude, My: +4.8 
Luminosity: 3.83 x 107° watts 


Astronomical Unit, AU The average distance from the Sun to Earth: 
149,597,870 km 


Orbits of the planets Mean radius Mean diameter 
Mercury 0.4 AU 0.8 AU 
Venus 0.7 AU 1.4 AU 
Earth 1.0 AU 2.0 AU 
Mars 1.5 AU 3.0 AU 
Jupiter 5.2 AU 10.4 AU 
Saturn 9.5 AU 19.0 AU 
Uranus 19.2 AU 38.4 AU 
Neptune 30.1 AU 30.2 AU 
Pluto* 39.5 AU 79.0 AU 

Light Year, ly 9,460,500,000,000 km or 63,239 AU 

Parsec, pc 30,855,420,750,000 km or 3.2615 ly or 206,254 AU 


*Now relegated to the role of a ‘dwarf planet’ but still a useful yardstick. 


or Do. In reality, of course, there is no difference: a star that is four times bigger 
than the Sun has both a radius of 4 Ro and a diameter of 4 Do. For convenience 
we will use solar diameters as our yardstick. 

Measuring the diameter of a star is also not without its problems. Direct 
measurements can be tricky as a bright star can appear larger than it actually is 
while a dim star can appear smaller; the result of limb darkening. In most cases 
the diameter is implied from theory. Not all stars are perfect spheres. A rapidly 
rotating star will distort into an oblate spheroid; gravity pulling its poles in 
towards the center while its equatorial region bulges outwards. The polar regions 
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become hotter and brighter, because the gases are compressed, while the equator 
cools and darkens - a phenomenon known as the Von Zeipel effect. As yet we do 
not really know what such stars actually look like. The equatorial band may 
appear quite dark because of its contrast against the much lighter background, 
but if it was possible to view the band in isolation then it is likely to appear 
bright. 

Closely orbiting binary stars can gravitationally distort one another into 
teardrop shapes and, depending on how we on Earth view their orbit, can present 
us with an ever changing cross-section as we sometimes see a perfect sphere and 
sometimes a stretched out limb. 

All these variations conspire to make the process of measuring a star’s 
diameter just a little bit tricky and it is not unusual to find that different methods 
produce different results. 


Stellar mass, Mp 


Again it is convenient to compare the mass of a star with the mass of the Sun, 
Mo. Mass is often implied from stellar theory, but binary stars offer a more 
accurate means of estimating mass because of the relationship between the stars’ 
masses and their orbital characteristics. 


Stellar luminosity, L, 


Also compared to the Sun’s luminosity, Lo. Luminosity is the total outflow of 
power but it can be quite deceptive. The brightness of a star is of course related to 
its luminosity, but very hot stars radiate much of their energy in the ultraviolet 
part of the spectrum while red giants, for example, radiate mainly in the infrared, 
both of which are invisible to the human eye. Luminosity is frustratingly difficult 
to illustrate, even if we just consider luminosity in the visible part of the 
spectrum. The Sun is blindingly luminous. A star that is 10 Lo is still blindingly 
luminous. 

There are nine luminosity classes (Table 3), which together with their spectral 
class, help us to define a star. The Sun, for example, is a G2 V indicating it is a 
yellow Main Sequence dwarf (see also section on Spectral class below). 


Magnitude, M, and m, 


Magnitude is a measure of the relative brightness of a star. It comes in two 
flavors: apparent and absolute. 

Apparent magnitude, as the name suggests, is how bright a star (or other 
celestial object) appears. There are various types of apparent magnitude. How 
bright a star appears to the human eye is sometimes termed the visual apparent 
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Table 3: Luminosity classes of stars 


Code Luminosity Class 

O Very luminous supergiants 
la Bright supergiants 

Ib Supergiants 


I Bright giants 
lil Normal giants 


IV Subgiants 

V Main Sequence dwarfs 
Vi Subdwarfs 

Vil White dwarfs 


magnitude, m,, while its image on a photograph is the photographic magnitude, 
Mpg. This book uses my. Somewhat paradoxically the brighter a star is, the 
smaller the numerical value of the magnitude. The faintest stars visible in clear 
dark skies to those with good eyesight are usually around the sixth magnitude 
(my, +6). Most urban dwellers, however, can only see down to the fifth 
magnitude, and those who live in brightly lit cities are lucky if they can see 
stars of the first magnitude. Spica (« Virginis) and Pollux (8 Geminorum) are both 
first magnitude stars. Capella (« Aurigae) is a zero magnitude star. Then we start 
to go into ‘negative’ magnitude values: Sirius (« Canis Majoris) is the brightest 
star in the night sky at a sparkling my, -1.6. Of course the Sun, the Moon and 
some of the planets are brighter still: Venus at her most brilliant is my, -4.4, the 
full Moon is m, -12.7 and the Sun a stunning my, -26.8. Some astronomy writers 
drop the + sign for positive values, but I have always used it and will do so 
throughout this book. 

Absolute magnitude, or M,, is how bright a star would look at a standard 
distance of 32.615 ly or 10 pc. The star 34 Cygni has an absolute magnitude of 
M, -8.9 although its apparent magnitude is a more modest my, +4.81. By 
comparison our Sun placed at a distance of 10 pc would shine at just My +4.8, 
barely visible to the naked eye. 

It is a great pity that we cannot see the stars in terms of absolute magnitude. 
The sky would be a very different and very impressive canopy with some stars 
being clearly visible in broad daylight. Constellations like Canis Major would be 
particularly impressive. Hopefully this book will go some way to revealing what 
that sky would look like. 


Variable stars 
All stars are likely to be variable, but some are more variable than others. There 


are stars like the Sun that are variable over many centuries or millennia. At the 
other extreme there are stars that vary in brightness over a fraction of a day. 
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Some stars are microvariable, fluctuating by thousandths of a magnitude while 
others can change by several magnitudes. One night they are shining brightly in 
the sky while some time later there is no sign of them, having dropped to below 
naked eye visibility. The well-known variable y Cygni can be as bright as m, +3.3 
but for most of the time it is invisible, fading to m, +14.2 at minimum. On 
average, it takes 408 days to go from maximum magnitude to minimum and 
back again. This is termed its ‘period.’ 

There is a bewildering array of variable stars. However, they can mostly be 
placed into five categories: 


Eruptive: Caused by flaring and other violent events in the star’s chromo- 
sphere and corona. There is an ejection of mass and strong stellar winds. 
Pulsating: The star expands and contracts like a heart. In ‘radially’ pulsating 
cases the star remains roughly spherical while in the ‘non-radially’ pulsating 
type the star can distort, deviating from a spherical shape. 
Rotating: Variations in brightness are due to the star having dark or perhaps 
light spots on its surface, similar to sunspots, or activity in the atmosphere 
caused by the rotation of the magnetic pole being out of sync with the polar 
axis. 
Cataclysmic: Caused by explosions in the star’s surface layers (nova) or 
deeper (supernova). They are usually associated with close binary systems, the 
proximity of the two stars disrupting each other. Material is often transferred 
from the larger, cooler star to the smaller, hotter dwarf and forms an accretion 
disk. 
Close binary eclipsing systems: Due to two stars periodically passing in front 
of one another. The exact light curve depends on several factors such as the line 
of sight and the closeness of the two stars which may cause them to distort. 
The variable ‘types’ tend to be named after the first star to display a 
particular characteristic. The table below lists some of the main types of 
variable and is based on the work of N.N. Samus of the Moscow Institute of 
Astronomy and O.V. Durlevich of the Sternberg Astronomical Institute, also 
in Moscow. 


Category Type Notes 


Eruptive FU Orionis Gradual increase in brightness by up to 6 
magnitudes over several months. 
Stay at maximum brightness for long periods or 
decline by 1-2 magnitudes. 
y Cassiopeiae Irregular. Rapidly rotating B-class giants or sub- 


giants. 
R Coronae High luminosity stars that are both eruptive and 
Borealis pulsating. 


Slowly fade by up to 9 magnitudes over 30 to 
several hundred days. 
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Category Type 


Eruptive RS Canum 
(cont’d) Venaticorum 
S Doradis 
UV Ceti 
WR 


Notes 


Close binary systems that interact with one another 
causing eruptions in the stars’ chromospheres. 
Some RS CVn stars are also eclipsing variables. 
High luminosity B and F-class stars. 

Irregular changes of up to 7 magnitudes. 

K and M-class stars showing sudden flaring of up to 
6 magnitudes in just a few seconds before returning 
to normal over several minutes. 

Wolf-Rayet variables. 

Changes of up to 0.1 magnitude probably caused 
by the star suddenly ejecting mass. 


Pulsating a Cygni 


B Cep 


Cepheids 


W Virginis 


5 Cephei 


6 Scuti 


Lb 


Lc 


RR Lyrae 


Occur in B and A-class stars. 

Multiple overlapping variable cycles lasting from 
days to weeks. 

6 Cephei or B Canis Majoris type. 

Occur in O8 to B6 class stars. 

Light varies by up to 0.3 magnitude between 0.1 to 
0.6 days. 

High luminosity stars that change from F-class at 
maximum brightness to G or K-class at minimum. 
Periods are 1-135 days. 

Vary in brightness between 0.3 to 1.2 magnitudes 
over 0.8 to 35 days. 

Occur in F and G-class stars. 

Brightness changes between 0.2 to 2 magnitudes 
over 1 to 50 days. 

Occur in A and F-class stars. 

Brightness changes by 0.2 magnitude over 0.05 to 
0.2 days. 

Slow irregular variables. 

Tend to be giants of K, M, C and S-class. 

Irregular supergiant variables. 

Brightness changes by about 1 magnitude. 

Mira type variables named after o Ceti. 

Occur in M, C and S-class stars. 

Brightness changes are in the range of 2.5 to 10 
magnitudes over 100 to 600 days. 

Sometimes called Short Period Cepheids. 

Occur in A and F-class stars. 

Vary in brightness between 0.5 to 1.5 magnitudes 
over 0.05 to 1 day. 


Category 


Pulsating 
(cont’d) 


Type 
RV Tauri 


SR 


SRa 


SRb 


SRc 


SRd 


ZZ Ceti 
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Notes 


Occur in F and G-class stars at maximum magnitude 
and K and M-class at minimum. 

Changes of up to 4 magnitudes over 30-150 days. 
Semi-regular variables. 

Giants or supergiants of intermediate to late 
spectral types. 

Can be microvariable to up to 2.5 magnitudes in 
the range 20 to 200 days. 

Semi-regular variables of M, C or S spectral class 
giants. 

Changes in brightness are usually less than 2.5 
magnitudes over 35 to 1,200 days. 

Semi-regular variables of M, C or S spectral class 
giants. 

Poorly defined periods but in the range of 20 to 
2,300 days. 

Semi-regular variables of F, G or K spectral class 
giants and supergiants. 

Brightness varies by 0.1 to 4 magnitudes over a 
period of 30 to 1,100 days. 

Semi-regular variables of M, C or S spectral class 
supergiants. 

White dwarfs. 

Magnitude range is 0.001 to 0.2 over 0.5 to 25 
minutes. 


Rotating 


o? Canum 
Venaticorum 


BY Draconis 


FK Comae 


Berenices 


PSR 


SX Arietis 


Occur in B8 to A7 class stars. 

Magnitude range is 0.01 to 0.1 over 0.5 to more 
than 160 days. 

Dwarfs of K and M-class. 

Magnitude changes of up to 0.5 mag with periods 
of up to 120 days. 

Variability probably due to spots, chromospheric 
activity and flaring. 

Giants of G-K class. 

Rapid rotators. 

Brightness fluctuates by up to several tenths of a 
magnitude. 

Pulsars. 

Over a period of 0.004 to 4 seconds their 
magnitude can vary by up to 0.8 magnitude. 
Also called helium variables. 

Affects B-class stars. 
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Category Type 


Rotating 
(cont’d) 
Ell 


Notes 


Variable period of about a day during which 
magnitude varies by about 0.1 mag. 
Ellipsoidal variables. 

Occur in close binary systems. 

Variable period matches orbital period. 
Amplitude of 0.1 magnitude. 


Cataclysmic SS Cygni 


SU Ursae 
Majoris 


Z Camel- 
opardalis 


Increase in brightness by 1-2 magnitudes over 1-2 
days before returning to normal. 

Period can be anywhere from 10 to several 
thousand days. 

Two types: normal and supermaxima. 

Normal — similar to SS Cygni. 

Supermaxima — Brighter by 2 magnitudes, and five 
times longer. 

Brighten by 2 to 5 magnitudes over 10 to 40 days 
without returning to normal but remaining at a 
magnitude between minimum and maximum. 


Close binary E 
eclipsing 
systems 

EA 


EB 


EW 


The orbital plane of the two stars is close to the 
observer’s line of sight and the stars periodically 
eclipse each other. 

Algol or B Persei type. 

Occur in B, A and F classes. 

Magnitude range is 0.1 to 3 mags. 

Period from 0.1 to 10,000+ days. 

B Lyrae type. 

Occur in O, B and A classes. 

Magnitude range is 0.1 to 1.5 mags. 

Period from 0.5 to 200 days. 

W Ursae Majoris type. 

Occur in F, G and K classes. 

Magnitude range is 0.1 to 1 mag. 

Period from 0.1 to 1 day. 


Star color 


What color is the Sun? That’s an easy question. It is obviously yellow. 
Astronomers class the Sun as a yellow dwarf and even very young children will 
often paint a bright yellow Sun in a cloudless blue sky. Yet if you look at the Sun 
through thin cloud when it is high in the sky then it looks very definitely white. 
In fact, it only looks yellow when it is close to the horizon - but then again, it can 
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also look orange or red. This coloration is partly due to the dust in the 
atmosphere filtering out all but the yellow, orange and red light. So why do we 
think the Sun is yellow? 

The problem lies not with the Sun but in the way we perceive color and 
brightness. Our eyes have evolved to be efficient at detecting light and less 
efficient at detecting color. The Sun is so bright that its brilliance bleaches out its 
true color. If you could travel in space away from the Sun then you would reach a 
point where the Sun looks a very definite yellow. Travel much farther out, 
however, and the color becomes feeble and the Sun again looks white. 

The Sun is in fact yellow in the conventional, every day meaning of the word: 
it radiates much of its energy in the yellow part of the visible spectrum. In this 
book we have used shades of gray to indicate the different colors. 

Finally, the obligatory warning: never look directly at the Sun and never look 
through a telescope or a binocular at the Sun. It can permanently damage your 
eyesight. 


Spectral class 


The intricacies of the spectral classification of stars are beyond the scope of this 
book, but there is certainly no shortage of websites that provide the detail that 
some readers may need. The spectral classification of a star is related to several 
factors such as its composition, age and luminosity. The interplay between these 
and other factors are illustrated by the elegant Hertzsprung-Russell Diagram (see 
Figure 1) of which there are several variations. The band of stars running 
diagonally across the diagram is the Main Sequence and in here, at a point that 
corresponds to spectral class G2, a temperature of 5,770 K and a luminosity of 
1 Lo is, of course, the Sun, a useful reference point. The Main Sequence is not an 
evolutionary pathway; stars do not start at the bottom and climb to the top like 
some sort of game of cosmic snakes and ladders. Their evolution is far more 
complex, perhaps leaving and rejoining the Main Sequence several times during 
their lives. 
There are ten spectral classes: 


Class Color Temperature Naked eye 
Abundance 

WR Blue ~ 50,000 K <1% 

O Blue 28,000 K to 50,000 K 1% 

B Blue to bluish-white 10,000 K to 28,000 K 22% 

A Bluish-white to pale yellow 7,500 K to 10,000 K 20% 

F Pale yellow to yellow 6,000 K to 7,500 K 12% 

G Yellow to yellowish-orange 5,000 K to 6,000 K 13% 

K Yellowish-orange to reddish- 3,500 K to 5,000 K 23% 


orange 
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M Reddish-orange to deep red 
S Deep red 
Cc Deep red 


2,000 K to 3,400 K 
2,000 K to 3,500 K 
<2,000 K 


As mentioned earlier there are few absolutes in this book. Each class has sub- 
divisions running from 0 to 9. The Sun is a G2 with a ‘surface’ temperature of 
about 5,770 K. The starting point for the G-class in the table above, GO, indicates 
a temperature of 6,000 K, but this is for Main Sequence stars similar to the Sun. 
Giant stars of GO class are a couple of hundred degrees cooler at about 5,800 K 
while supergiants are cooler again at 5,600 K. 


TEMPERATURE 


40,000K 7,500K 6,000K 


30,000K 


10,000K 


5,000K 


3,500K 


Kapteyn's Sta oe. 


SPECTRAL CLASS 


* RRs Van Maanen's Star 


Figure 1: The Hertzsprung-Russell Diagram 


Barnard's Star® 


2,400K 


a 
= 


0.01 


© 


LUMINOSITY, L.. 
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Some of the spectral codes are supplemented with additional information 
such as A5p, meaning the star has a peculiar spectrum, or A5m indicating it is 
metal rich. 

The abundance column suggests that M-class stars are rare at just 7%. In fact 
M-class stars make up 80% of the Main Sequence - we just don’t see them with 
the naked eye because they tend to be too faint. G-class stars like the Sun account 
for just 3.5% of the Main Sequence. So when we look at the stars that make up 
the constellations we are looking at a biased sample, distorted by the limitations 
of our own eyes. 

The WR class is Wolf-Rayet stars; highly evolved objects that are shedding 
huge amounts of material into space. S-class are zirconium rich while the closely 
related C-class are carbon-rich stars. 


Temperature 


In the previous section we introduced temperature. We use the Kelvin 
measurement scale, which is abbreviated to K. The Kelvin scale starts at Absolute 
Zero, equivalent to -273.15°C or -459.67°F. Hence the Sun’s temperature of 5,770 
K works out at 5,497°C. 

Temperature is given as ‘surface temperature.’ This is an odd concept, since 
stars do not have a solid surface in the same way as the Earth. To all intents and 
purposes the ‘surface’ is the visible sphere. 

Just above a star’s surface the temperature can rise to a few million Kelvin, 
while at its core the temperature is typically from about five million to several 
tens of millions of K. 


Radial velocity, and the motion of stars through the Galaxy 


Many stars, like the Sun, have almost circular orbits. They stay at about the same 
distance from the galactic center for the whole of their lives although they do 
bob up and down passing through the galactic arms. Some stars have elongated 
orbits. A notable example is e Andromedae whose orbit takes it from within just 
14,000 ly of the galactic center, past the Sun’s orbit at 30,000 ly and out to 
35,000 ly before turning around and heading back towards the center. There is 
some variation in the direction in which stars are moving and how fast they 
move through the Galaxy, with some stars heading towards us, some away from 
us and some staying at roughly the same distance. Add to this the Earth gyrating 
on its axis and we end up with a dynamic sky full of stars heading in all different 
directions and at differing speeds. Fortunately with the Galaxy being so vast the 
movement of an individual star is almost imperceptible: the constellations look 
much the same now as they did to ancient civilizations 2,000, 3,000 and even 
5,000 years ago. However over a period of 25,000 years or more the constellations 
will appear to change shape. Some of the diagrams in this book that show these 
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changes are based on the assumption that the stars’ direction of travel and 
velocity will not change over the next 250 centuries. In some cases that will be 
true but not in all, so the diagrams are an idealized situation. 


Rotational velocity 


Nothing is particularly easy to measure on a galactic scale, but rotational velocity 
brings its own challenges. A star may appear to be rotating at a certain velocity 
but this can be affected by the direction of the rotational axis. If the star’s 
rotation axis is perpendicular to our line of sight (i.e. the star is face on to us) 
then the measured velocity can be fairly accurate. But if the rotational axis is 
angled, especially towards us so that we are looking at the star’s pole, then it can 
cause errors with the star appearing to spin more slowly than it actually is. We do 
not usually know in which direction the axis is pointing. As a general rule of 
thumb, stars slow down as they age, so a fast spinning star often indicates a 
stellar youngster. 


Rotational period 


Stars display ‘differential rotation.’ In other words, the equator and poles spin at 
different speeds with a gradation between the two. The Sun rotates at 2 km/s at 
the equator and so the equatorial region takes about 25 days to spin once while 
nearer the poles it takes about 34 days. Some stars rotate more slowly than the 
Sun but most are faster. Rotational periods of naked eye stars usually range from 
half a day to several decades for hypergiants. 


Surface features 


Observation of the Sun will often reveal dark areas known as sunspots caused by 
local disturbances in the Sun’s magnetic field. It is likely that similar spots are to 
be found on some stars, but precisely which stars is open to debate. The 
consensus is that spots will appear on stars of up to a few solar masses in the 
spectral groups F, G, K and M. In addition to spots, some stars may have a 
blotchy appearance with large light and dark patches. The illustrations in this 
book are my idea of what such stars will look like. I may be completely wrong - it 
is always a precarious business basing predictions on a sample size of one! 
Certainly, one of the things that images from the Hubble Space Telescope have 
taught us is that the Universe is full of surprises. 
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Open and globular clusters 


Open clusters consist of tens to hundreds of stars that are gravitationally bound 
together and which are moving through the galactic disk in the same direction. 
When someone is swamped with information we often say that ‘they cannot see 
the wood for the trees.’ It is likewise true that you sometimes ‘cannot see the 
cluster for the stars.’ In order to photograph clusters, astronomers take long 
duration exposures which unfortunately tend to also pick up all the background 
stars, so the actual cluster can often merge with the background making it 
difficult to see. To overcome this problem, I have used the WEBDA database of 
star clusters at the University of Vienna and redrawn the clusters without the 
background star ‘noise.’ This method is not without its problems since not all the 
stars in the database are genuine members of the clusters. I have also limited the 
number of stars to those brighter than twelfth magnitude, which is what can 
often be seen through a small telescope or a good pair of binoculars. 

Not all clusters are real. Some are just chance alignments and are really 
‘asterisms.’ A number of asterisms are identified in this book. 

Globular clusters contain from several thousand up to a million stars. They 
tend to be more spherical and larger than open clusters and much farther away, 
residing in the galactic halo. They are not as well mapped as some of the open 
clusters but are included in this book for completeness. 


Exoplanets 


We arte at an exciting time in our discovery of planets orbiting stars other than 
our own Sun. Technological advancements are making it possible to detect 
smaller planets and, perhaps by the time you read these words, Earth-sized 
planets will have been discovered. 

A year ago (at the time of writing) there were 400-odd exoplanets. Now there 
are more than 1,200, such is the rate of discovery. I have included a few of the 
most interesting planets; to include them all would require another book which 
would be out of date by the time it reaches Amazon. The tables containing 
planetary system information use a number of symbols and abbreviations: 


q = Periastron distance in AU (i.e. the closest the planet gets to the parent star 
in its orbit) 

Q = Apastron distance in AU (i.e. the farthest the point in the orbit) 

P = Orbital period in days (d) or years (y) 

M, = Jupiter masses 

Mo = Earth masses 
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Constellation details 


Each constellation is presented as a separate section and headed with a table that 
gives some basic information about the constellation. The example below is for 
Aquila. 


Constellation: Aquila Hemisphere Equatorial 
Translation: The Eagle Area: 652 deg” 
Genitive: Aquilae % of sky: 1.580% 
Abbreviation:  Aq| Size ranking: 22nd 


The eight headings are: 


e Constellation: The Latin name of the constellation 

e Translation: The English translation of the constellation’s name 

e Genitive: Used with individual stars. So the alpha star is « Aquilae not « 
Aquila. 

e Abbreviation: An internationally agreed 3-letter code for the constella- 
tion. Hence the alpha star can be written as « Aql. 

e Hemisphere: Indicates whether the constellation resides entirely within 
the Northern or Southern Celestial Hemisphere. If a constellation straddles 
the border between the two it is shown as Equatorial. 

e Area: The area of the constellation in square degrees. 

e % of sky: The percentage of the celestial sphere covered by the 
constellation. 

e Size ranking: Where the constellation fits in a league table of size. 


Illustrations 


Each constellation includes a number of standard diagrams: 


e Apparent magnitude which also acts as an identifier for the individual 
stars. 

e Absolute magnitude which shows what the constellation would look 
like if the stars were all at a distance of 10 pc. 

e Distance of the individual stars from the Sun. 

e An information rich diagram that shows the relative sizes of each of 
the stars and which specifies their characteristics. Some surface features are 
also shown. 


Some constellations include additional illustrations to show, for example, how 
the constellation outline will distort over time, binary orbits, etc. 


The Constellations 


Andromeda 


Constellation: Andromeda Hemisphere: Northern 
Translation: Princess Andromeda Area: 722 deg” 
Genitive: Andromedae % of sky: 1.750% 
Abbreviation: And Size ranking: 19th 


In mythology Andromeda was the daughter of Cepheus, King of Ethiopia, and 
Queen Cassiopeia. 


« Andromedae or Alpheratz is unusual in that it also forms one of the corner 
stars of another constellation, Pegasus, and is sometimes referred to as 5 Pegasi. It 
has an apparent magnitude of my +2.02 but is slightly variable, dimming to m, 
+2.06 with a period of 23" 11™ 22°. It is classed as an « CV rotating variable, the 
fluctuating magnitude being due to the presence of mercury clouds in the star’s 
equatorial region. This, and an abundance of manganese, makes it a chemically 
peculiar star. « And is accompanied by an unseen spectroscopic companion in a 
96.7 day orbit. 

B Andromedae or Mirach may possibly be a semi-regular variable fluctuating 
between my, +2.01 and +2.10 magnitudes. A red giant lying at a distance of 
almost 200 light years, it would fill the orbit of Mercury. Despite its 85 Do its 
mass is probably around 3.7 Mo. Like « And, B has a companion in a 1,700 AU 
orbit. It is quite dim shining at just 14th magnitude. 

To the unaided eye y Andromedae appears to be a single star of m, +2.26 but 
it actually has four components. Lying at a distance of 355 ly the primary is an 83 
Do K3 with a mass of 3.3 Mo. Just 9.6” away lies the blue +4.84 magnitude ** 
And; a B8 dwarf which is locked in a 2.67 day orbit with a B9 dwarf, y®? And. 
Their masses come in at 4.5 and 3.8 Mo respectively. The Ba-Bb pair are also in 
orbit with a 3.2 Me AO, y© And, of which little is known. The orbit takes 61.1 
years to run full circle, although circle is perhaps not the right word, the orbit 
being quite eccentric with the three stars coming as close as 13 AU and 
separating by as much as 52 AU. The Ba-Bb-C trio take 6,606 years to orbit the 
primary star. 

5 Andromedae is a triple star system about 101 ly from Earth. The primary 
component, 6“* Andromedae, is an orange K3 giant, 14 times larger than the 
Sun and 4.6 times as massive. The second component is a spectroscopic binary, 
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54P Andromedae, a 0.5 Mo white dwarf whose elliptical orbit brings it to 
within 9 AU of the primary and then out to about 28 AU. The orbital period is 
likely thought to be 55.2 years. This binary pair is also believed to be enveloped 
in a dust shell. In orbit some 900 AU away, 28.7” on the celestial sphere, is 5® 
Andromedae, an M2 red dwarf of 0.37 Mo which takes at least 11,377 years to 
complete an orbit. 

¢ Andromedae is going places. Whilst our own Sun stays at about a steady 
28,000 ly from the center of the Galaxy, ¢ And’s orbit is highly eccentric, taking 
it from just 14,000 ly from the galactic center out to 35,000 ly before turning 
around and heading back in. Currently, it is hurtling towards us at 83.6 km/s 
putting it in the swiftest 1% of stars visible to the naked eye. At just 650 million 
years it is a young star compared to our own 4,500 million year old Sun and 
although it is now a yellow G8 giant, 8.7 times larger than the Sun, it actually 
started life as a B9 dwarf. It rotates at about 4 km/s (Sun = 2 km/s) taking 110 days 
to rotate once. 

Spinning ten times faster at 40 km/s is the orange K1 giant €C Andromedae 
which is 15 Do. This eclipsing binary has a period of 17.77 days during which its 
magnitude varies between m, +3.92 and +4.14. It is classed as an EB or B Lyrae 
type variable. The binary component, C® Andromedae, lies 32.6” directly north 
of the primary but at magnitude +15.3 is far below naked eye visibility. 

Another spectroscopic binary is n Andromedae, a G8 star lying at a distance 
of 243 ly but travelling towards the Solar System at 10.3 km/s. Believed to be just 
800 million years old yn And is nearly 8 times larger than the Sun and is 35 times 
more luminous. Its companion is almost an identical twin. The primary has a 
mass of between 2.25 and 2.95 solar masses whilst the secondary is between 1.99 
and 2.61: they both have a temperature of around 4,900 K. 

6 Andromedae is an A2 Main Sequence white dwarf somewhat less than 
2 Deo across. Another binary the separation between the two is just 0.1”. It lies 
253 ly away and is thought to be variable between m, +4.58 and +4.62. 

At 6.5 Do 4 Andromedae is certainly not the largest star in the sky, but it is 
set to grow. Believed to be about 1,000 million years old its helium core is long 
dead and the star is gradually swelling. It is the brightest semi-regular variable 
known and is a spectroscopic binary with an orbital period of 20.5212 days. The 
presence of the companion causes the two stars to interact tidally, leading to 
increased rotational velocities and significant magnetic activity. The net result is 
the appearance of massive starspots or very bright regions that cause the star’s 
magnitude to appear to fluctuate by about a tenth as it rotates once every 47 
days. It is therefore classed as an RS CVn variable. The corona is also affected by 
these tidal forces, raising the temperature to between 10 and 40 million K. By 
comparison, our Sun’s corona is a feeble 2 million K. 

4 Andromedae is also accompanied by no less than three M-class dwarfs. At 
a little over 1,300 AU a 13th magnitude companion orbits the primary every 
25,000 years. A further 4,300 AU on is another binary system which orbit each 
other with a period of 96,000 years but, together, take about 200,000 years to 
circle 1 And proper. 
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p Andromedae is a useful pointer for finding M31, the Great Andromeda 
Nebula in older texts (now the Andremada Galaxy), which is the farthest object 
visible to the unaided eye at 2,500,000 ly. It is estimated to be 141,000 ly in 
diameter. Just follow a line from B And through p until you come to a faint, tiny 
smudge on the celestial sphere. Other than that, this AS white star is 
unremarkable, lying at a distance of about 136 ly. 

At about 679 ly from our own Sun lies v Andromedae, a bluish white B5 star 
just 3.4 times larger than the Sun but 1,700 times more luminous. A 
spectroscopic binary its companion is an F8 dwarf that lies just 13.92 million 
km away: v! And itself is 3.48 million km in diameter. The result is that these two 
stars have an orbital period of just 4.2828 days. The primary rotates on its axis at 
about 80 km/s at the equator while the companion spins at a more leisurely 11 
km/s. Both stars take about 2 days to complete one spin so they are locked in a 
gravitational embrace that sees the same hemispheres continually facing one 
another, in much the same way that the Moon always presents the same face 
towards Earth. At about 80 million years old v’ And is beginning to swell and will 
eventually envelope its less massive (1.1 Mj) companion. 

The 4th magnitude o Andromedae is a member of a four star system. A 
cataclysmic or eruptive variable with a magnitude range of my +3.58 to +3.78, 
o“* Andromedae is a 6.6 Do, 5.9 Mo B6é with a 3.1 Mo spectroscopic 
companion, o“” Andromedae, in an 8.3 year orbit. A second binary pair 
consists of a m, +6.13 A2 with a mass of 3.7 Mo, o®@ Andromedae, and the 2.9 
Mo star o®” Andromedae, the pair being in a 33.01 day orbit. The B-pair are in 
a 65.61 year long orbit with the A-pair. 

x* Andromedae is a hot bluish-white B5 star nearly five times as large as the 
Sun and more massive by a factor of 5.8. A small telescope or binocular will 
reveal a 7th magnitude companion, x® Andromedae, an A6 dwarf which is in a 
long period orbit of at least 153,730 years. Unseen is a third member, 14 
Andromedae, which is almost identical to the B5 primary. The two are in a 
143.61 day long orbit during which their separation varies between 0.6 AU and 
2.1 AU. 

Wobbling noticeably through the Galaxy 43 ly away is the yellowish-white 
v Andromedae. Just over one and a half times the size of the Sun and 3.4 times 
more luminous it is somewhat younger than our own star by about 1,200 million 
years and rotates at about 9 km/s, taking 9 days to spin on its axis. The reason it 
wobbles, however, is because it has a planetary system. 

In 1996 two astronomers at San Francisco State University, R. Paul Butler and 
Geoffrey Marcy, discovered that the star’s radial velocity varied rhythmically 
with time, giving the appearance of the star wobbling. They concluded that this 
must be due to the presence of a large planet gravitationally tugging the star off 
course. Calling the planet »v Andromedae b they estimated that the planet was 
about 69% the mass of Jupiter, lay at a distance of just 8.9 million kilometers, 
and orbited the star in just 4.6 days. However, further work showed that this 
single planet model could not fully account for the star’s wandering path. 
Instead, a three planet system was proposed. According to this revised model, v 
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Andromeda's Giant and Supergiant Stars 


8 And (K3) & And (KO) 
10.5 Do 


€ And (K1) 14Do 
15 Do . 4.6Mo s 1.4 Mo 
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© 181ly Ry 1kmis Ry 17 km/s 
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Rp 19 days 
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Orbit of Venus 
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Andromedae c has a mass of almost two Jupiters and orbits 0.8 AU from the star, 
taking 241 days to complete an orbit. The third planet, v Andromedae d, is more 
massive again at about 4 Jovian masses, and takes 1,290 days to complete its year, 
lying at about 2.5 AU from the star. This outermost planet resides in what is 
termed the ‘habitable zone’. This is a fairly narrow torus of space around a star in 
which a planet could theoretically support life, if we use Earth as a model of a 
typical living planet. However, what Nature tells us time and time again is that 
life has the amazing ability to survive and even flourish is the most hostile of 
environments, so the idea that life is restricted to such zones is, perhaps, 
somewhat naive. v Andromedae c’s orbit also changes from being highly 
elliptical to almost circular and back again every 13,400 years. 

v Andromedae b poses a bit of a mystery for atmospheric scientists. If an 
imaginary line is drawn from the center of a star to the center of a planet then 
the hottest part of the planet will be where the line intersects the planet’s surface 
- the sub-stellar point. If the planet has an atmosphere this hot spot can drift by 
up to 20°. In the case of v And b though the hot spot is 80° from the sub-stellar 
point, almost at right angles to the star. No one is really sure why this is 
happening but it seems likely that we will find other examples of drifting hot 
spots among extrasolar planets. One of the other consequences of having such a 
massive planet as v And b so close to a star is that it disrupts the gaseous outer 
layers of the star leading to enhanced activity in the chromosphere. The table 
below summarizes what we think we know about this planetary system. 


Planetary system in Andromeda 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 
v And 1.8 F8 43 +4.10 vAndb 0.69M, 0.058 0.060 4.62d 


vAndc 1.98M, 0.646 1.018 241d 
vAndd 3.95M, 1.849 3.180 3.53 y 


Almost 2,000 times more luminous than the Sun, 6“ Andromedae is another 
interesting binary. Bluish-white it is a B-emission star indicating that it has a 
circumstellar disk of solid material. B-emission stars tend to rotate at very high 
speeds, up to about 300 km/s, but o* And seems to be spinning at a more modest 
80 km/s. The most likely explanation is that its pole is tilted towards us so we do 
not get a true indication of its rotational speed. Its companion is also a bluish- 
white star in an eccentric orbit that takes it between 80 and 140 AU. It takes 
371.6 years to complete an orbit. 

Marking the furthest boundary of Andromeda at 1,310 light years is 
W Andromedae. To the unaided eye it is an unremarkable white Sth magnitude 
object. But bring it to 10 parsecs (32.6 ly) of Earth and it would appear to be a 
brilliant, magnitude M, -4.5 yellow star. This G5 supergiant is 1,300 Lo and is 
heading towards us at 25 km/s. 
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The closest star to us in Andromeda is HD 10307 at just 41 ly, marginally 
beating v And by just 2 light years. HD 10307 is a close cousin of the Sun. As far as 
we can tell it is about the same size, but about one-third more luminous and 1,400 
million years older. It is also yellow, belonging to spectral class G1.5 (Sun = G2). 
However where HD 10307 differs significantly from our own star is that it is a 
binary.’ Its companion is a red dwarf with an orbital period of just 20 years and an 
elliptical path that takes it to within 4.2 AU (about 1 AU closer than Jupiter is to 
the Sun) and out to 10.5 AU (or about 1 AU farther than Saturn is from the Sun). 

According to Margaret Turnbull, an astrobiologist at the University of Arizona 
in Tucson, a planetary system around HD 10307 would be one of the most 
promising local candidates for life. Turnbull, along with colleague Jill Tarter, 
have whittled down the 118,218 stars listed in the Hipparcos Catalog to just 
17,129 that could have living planets. Their Catalog of Nearby Habitable Systems - 
or HabCat - was used to identify stars to which messages could be sent. On 6 July 
2003 a message was transmitted to HD 10307 by the 70 m Eupatoria Planetary 
Radar. Known as Cosmic Call 2 it will arrive in September 2044. Assuming 
someone is at home we may get a reply around Christmas 2085. 

About 5° south west of y And is the large scattered open cluster NGC 752. 
About a degree across the cluster lies at a distance of 1,300 ly and is about 51 ly in 
diameter. To the naked eye it appears as a m, +5.7 fuzzy ‘star’, but a decent 
binocular will reveal the individual members, perhaps 100 stars in total. Of these 
about 60% are brighter than my, +9.0. The central 0.5° has 90 stars brighter than 
12th magnitude but a third are not actually members of the cluster including the 
three brightest stars: HD 11885, am, +7.12 G7 at 584 ly; the A3 HD 12027 a little 
closer at 553 ly and m, +8.24, and HD 11720, a m, +8.07 of unknown distance. 
About 80% of the cluster members are F-class sub-giants on their way to 
gianthood. NGC 752 is deficient in smaller, low-mass stars which may have 
escaped during the 1,100 million year history of the cluster. 


Open clusters in Andromeda 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 752117’ 51 1,500 1,122 56 And 94 +5.7 
my +5.67 
NGC 7686 15 ? ? ? HD 221246 21 +5.6 
my +6.17 


*May not be a cluster member. 


1 University of California Professor Richard Muller, in his book Nemesis: The Death Star, 


proposed that the Sun was also a binary. Its companion disrupted the Oort Cloud every 26 
million years, hurling comets into the inner Solar System, some of which struck Earth and 
were responsible for mass extinctions. The problem with the hypothesis is that the orbit of 
Nemesis would take it half way to « Centauri and would be inherently unstable. 
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Antlia 


Constellation: Antlia Hemisphere: Southern 
Translation: The Air Pump Area: 239 deg” 
Genitive: Antliae % of sky: 0.579% 
Abbreviation: Ant Size ranking: 62nd 


This faint constellation was introduced by Abbé de La Caille in his Coelum 
Australe Stelliferum, published in 1763, to commemorate Robert Boyle’s 
mechanical pump. 


a Antliae is an orange K4 giant about 367 ly from Earth but heading away from 
us at 12 km/s. Some 28 times larger than the Sun, with a luminosity 480 times as 
great, this 4th magnitude star has an absolute magnitude of M, -0.4. 

e Antliae could be « Ant’s twin. It too is an orange giant of spectral class K3, 
28 times larger than the Sun but far more luminous at 592 Lo. It is also a lot 
farther from us than « Antliae at 700 ly and is travelling at twice the speed but in 
much the same direction, which raises the question of whether the two stars 
have a common birthplace. 

At 1.6 Do and a mere 106 ly away, 7 Antliae belongs to spectral class F1 and 
is about 7 times brighter than our own star. Its mass is estimated to be 1.5 Mo 
and it is heading away from us at 30 km/s. 

Just 10% larger than the Sun, the A8& 6“ Antliae is 135 times more luminous 
and lies at 384 ly. It is a binary, its whitish-yellow F8 dwarf companion, 6” 
Antliae, taking 18.32 years to complete an orbit. 

i Antliae is the only star in this constellation that is heading towards us - but 
only just - at 0.2 km/s. A modest K1 giant of 11 Do its mass weighs in at 1.4 Mo. 
It is 199 light years distant. 

Discovered as recently as 2000 as part of the Deep Near-Infrared Survey 
(DENIS), DENIS 1048-39 could be one of the closest ‘stars’ to us at just 13.2 ly. It 
may also be a brown dwarf about 10% the size of the Sun. It belongs to spectral 
type M9, has a very low temperature of about 2,500K and a luminosity of just 
0.00015 Lo. 
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Apus 


Constellation: Apus Hemisphere: Southern 
Translation: The Bird of Paradise Area: 206 deg” 
Genitive: Apodis % of sky: 0.499% 
Abbreviation: Aps Size ranking: 67th 


Close to the South Celestial Pole, Apus first appeared about 1597 on a Dutch 
celestial globe created by Petrus Plancius from observations made by Frederick de 
Houtman and Pieter Dirkszoon Keyser. Like Antlia it is composed of only a few 
stars, the brightest of which is magnitude +3.81. 


a Apodis, the brightest star in the constellation, lies between 385 and 437 ly and 
shines with the luminosity of 750 Suns. It is a K2.5 giant, 49 Do across. 

B Apodis at magnitude m, +4.23 is not the second but the third brightest star 
in the constellation. It also belongs to the K-spectral class, KO, and is 11 times 
larger than the Sun. It is a fast moving star and in 25,000 years will end up in 
Volans. 

y Apodis comes in as the second brightest. Sometimes recorded as a G8, 
sometimes as a KO, it is 11 Do and lies at a distance of 160 ly. Unlike most of the 
stars in Apus, y Aps is moving away from us at 5.4 km/s. 

5" and 8? Apodis form a nice double just a few arc seconds apart but, in 
reality, are separated in space by about 100 ly. 5! Aps is the farthest at 766 ly. A 
red MS it is 37 times larger than the Sun, 573 times more luminous and is an Lb- 
class pulsating variable. Its partner, 5* Aps, is an orange K3 and 100 ly closer to 
us. 

The bluish ¢ Apodis is a dim m, +5.04 but would glow at M, -2 if placed at a 
distance of 10 parsecs. Currently 551 ly away and receding at 4.5 km/s this 3.9 
Do Star is as luminous as 1,614 Suns. Rotating at 240 km/s the star is distorted 
into an oblate spheroid. 

Right on the northernmost boundary of the constellation, almost drifting into 
Ara, is the +4.77 magnitude C Apodis. A yellowish-orange K2 it dwarfs the Sun 
being 21 times larger and nearly 100 times more luminous. It has a mass of 1.4 
Mo. 

7 Apodis is a white A2 star 140 ly from Earth. It is 2.2 Do across, has a 
luminosity 16 times greater than the Sun and appears as a magnitude my, +4.90 
star but, at 10 parsecs, would be magnitude M, +1.7. It has a mass of 1.8 Mo. 

0 Apodis is one of only a handful of naked eye late M-class red giants. An 
estimated 308 to 348 ly away it is 33 Do and over a period of 119 days swings 
from a faint m, +5.50 to an invisible m, +8.60 and back. 
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Aquarius 


Constellation: Aquarius Hemisphere: Equatorial 
Translation: The Water Carrier Area: 980 deg” 
Genitive: Aquarii % of sky: 2.376% 
Abbreviation: Aqr Size ranking: 10th 


One of the 12 Zodiacal constellations it depicts a man pouring water from a vase. 
The Sun enters Aquarius on 16 February and leaves on 11 March. 


With a modest magnitude of my, +2.93 « Aquarii or Sadalmelik is quite 
deceptive. At 110 Do it is by far the largest star in the constellation with a 
luminosity 3,000 times greater than the Sun. Placed in the center of our own 
Solar System « Aqr would more than fill the orbit of Mercury and would swallow 
up 1,331,000 Suns. This G2 yellow supergiant has an absolute magnitude of M, - 
4.5, making it about as bright as Venus at her most brilliant. It lies at a distance of 
759 ly. 

About 20 solar diameters smaller than « Aqr is B Aquarii or Sadalsuud; the 
‘Luckiest of the Lucky’. It is actually slightly brighter than « Aqr at magnitude my, 
+2.87, but 1,000 times less luminous. Even so, the two stars would have an 
absolute magnitude of M, -4.5 at 10 parsecs from Earth. Like a, B Aqr is a yellow 
supergiant, this time a GO, and is travelling away from us at 6.7 km/s. « Aqr, by 
comparison, is moving at a slightly faster 7.2 km/s and a common origin for both 
stars seems likely. A third star, « Pegasi, may be part of the same group. 

One of the smallest star in Aquarius y Aquarii, a bluish-white AO star, 2.4 
times larger than the Sun but more than 55 Lo. Its Arabic name, Sadachbia, 
means ‘Lucky Star of Hidden Things’ which is somewhat intriguing as it is 
actually a spectroscopic binary. Virtually nothing is known of its companion 
other than it lies about 0.4 AU from y Aqr and orbits it once every 58 days. 

The white 3rd magnitude 6 Aquarii is also known as Skat but, like so many 
original names, its meaning is lost in time. It lies at 160 ly and is 4.3 Do across. 

There is some evidence that ¢ Aquarii has an accretion disk that has not, as 
yet, accreted into any planets sufficiently large to be detected from Earth. An 
A1.5 star almost five times the size of the Sun its Arabic name, Al Bali, means ‘The 
Good Fortune of the Swallower’. Its mass is 2.8 Mo. 

Most books on astronomy will tell you that € Aquarii is a double: a fine pair 
of brilliant white F2 stars, ¢’ and ¢* Agqr, that have an orbital period of about 760 
years. In fact, there are three stars in the system but the determination of their 
orbits has been fraught with problems including misidentification of the various 
components, erroneous assumptions and a third star which, because it is so 
much fainter than the ¢' and ¢’, is effectively invisible and we have had to rely 
on, for example, infrared detection methods. The two main stars appear to have 
an orbit which brings them as close together as, perhaps, 90-95 AU but which 
also separates them by as much as 200-220 AU at their furthest point. The orbital 
period could well be 760 years but could also be as long as 856 years or as short as 
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486.7 years. The third star, which was discovered as long ago as 1942 by K.Strand, 
seems to have a 25.7 y orbital period and has often been associated with ¢? Aqr 
but may, in fact, be in orbit around ¢'. These uncertainties aside, what we think 
we know about ¢’ is that it is 4.2 Do in size and is 16 times more luminous than 
the Sun. C? is slightly smaller, at 3.4 Do, but is considerably more luminous at 31 
Lo. The third star is very much a mystery. They are all heading away from us at 
just over 24 km/s. One thing is for certain, however, they are migrant stars. Until 
November 2003 they resided in the Southern Hemisphere but precession - the 
gradual gyration of the Celestial Poles - has caused the stars to drift into the 
Northern Hemisphere. 

7 Aquarii is 2.5 times larger than the Sun but 104 times more luminous. It 
appears to be a fast spinner, rotating on its axis once every 10.4 hours which 
equates to a rotational velocity of 291 km/s. Its high spin speed pushes the poles 
in towards the center of the star causing its equator to bulge producing an oblate 
spheroid. Our Sun rotates at just 2 km/s and is almost a perfect sphere. Its 
magnitude varies between m, +3.48 and +3.77. 

More than a dozen times larger than the Sun and 60 times more luminous 
@ Aquarii is a yellow-going-on-orange G8 star at 191 ly. It weighs in at 2.2 Mo 
and has a lifespan of less than 2,000 million years, just 20% that of our own Sun. 
Spinning at 4 km/s, twice the speed of the Sun, it takes 157 days to rotate once on 
its axis. 

Thought to be an Lb pulsating variable 4 Aquarii is 104 Do but has a mass of 
just 3 Mo. It is usually a magnitude m, +3.76 star but brightens by about a tenth 
at irregular intervals. Not particularly interesting to watch, 4 Aqr has spent most 
of its fuel and is in the final stages of its life. 

At a distance of more than 1,100 ly x Aquarii appears as a modest 4th 
magnitude star, but at 10 parsecs it would rival Venus in brightness. Although 
only 6 times larger than the Sun it is 16,000 times more luminous. It actually 
varies in its apparent magnitude between m, +4.42 and +4.70 but over a period of 
some 40 years. Classed as a y Cas eruptive variable it rotates at a speed of at least 
278 km/s causing the equator to bulge and the poles to be drawn in. Also known 
as a Be- or B-emission ‘shell star’ it is surrounded by a shell or an equatorial disk 
of gas, angled at about 60° to our line of sight. It is accompanied by a 
spectroscopic companion, a 2.7 Mo star in an 84.1 day long orbit. 

t Aquarii is a red giant, 53 times larger than the Sun. It is currently 380 light 
years away and ambling away from us at a steady 1 km/s. 

At magnitude my +5.21 v Aquarii is a difficult star to spot unless the skies are 
sufficiently dark, but it is a useful finder star for the Helix Nebula which lies just 
5’ away (see below). 

A star teetering on the edge of stability is y Aquarii, an aged M3, 27 times 
larger than the Sun. Classed as an Lb pulsating variable its magnitude changes 
between my, +4.9 and +5.3 though with no apparent rhythm. y Aqr is preparing 
to shed its outer gaseous layers before settling down to become a white dwarf for 
a few million years. 

You have to have exceptionally good eyesight and dark, clear skies to be able 


Aquarius 


Aquarius Giant and Supergiant Stars 


98 Aqr (KO) 


14 Do 
1.3Mo 
me 162 ly 


Ry 3 km/s 
Rp 236.2 days 


Rp 1.91 yrs 


T Aqr (MO) 


88 Aqr (K1) 


oa: @ 
1.2Mo © 
164 ly ’ 234 ly 


Ry 15kmi/s Ry 3.6 km/s 
Rp 40.5 days Rp 168.7 days 


V Aqr (G8) 


% Aqr (M3) 
27 Do 
3.5M5 


Aar (K5) 641 ly 


poe 


4 32 
y 3.6 km/s 


Ss 85 yrs 


@ Aqr (G8) 


12.3 Do 
es 2.2Mo 
191 ly 
Ry 4kmis 


Rp 155.6 days 


K Aqr (K2) 
18 Do 
1.3M, 


Rp 1.26 yrs 


Aqr (M2.5) 
104 Do 
3 Mo 


392 ly 


37 


38 The Star Atlas Companion 


to locate the binary 53 Aquarii. At the limit of naked eye visibility they would 
not normally get a mention in this book were it not for the fact that they are 
almost identical to the Sun. The brighter of the two, 53“ Agr, has a visual 
magnitude of m, +6.23 and is a G2 yellow dwarf only slightly smaller than our 
own Sun (0.94 Do). Its companion, 53® Agr, is a little smaller again at 0.91 Do 
and a G3. Lying at somewhere between 62.3 and 68.7 ly the two were originally 
thought to be unconnected. We now know they are a true pair with an orbital 
period of 3,500 years, their orbits bringing them to within 30 AU of one another 
before flinging them apart by as much as 575 AU. 

Lying at a distance of 69.4 ly and with a magnitude of just m, +6.63, HD 
210277 is invisible to the naked eye but is still of interest. A spectral class G8 
yellow dwarf it is almost identical in size and luminosity to the Sun. It also has at 
least one planet, thought to be 1.28 M, in a highly elliptical orbit that takes it to 
within 0.6 AU of the star and then out to 1.6 AU. Its year is 1.2 Earth years. HD 
210277 is surrounded by a flattened, dense dust disk similar to our Kuiper Belt 
stretching from 30 to 62 AU. 

Gliese-Jahreiss 876 is an M3.5 red dwarf just over a third of the size of the 
Sun and fairly close at 15.3 ly. It seems to have three planets that range in mass 
from 8.4 Me to 2.64 My. The closest planet to the star, GJ 876 d, is also the 
smallest. It orbits at an average of just 0.021 AU (3.1 million km) from the star 
and takes 1.94 days to complete an orbit. It is technically a ‘super-Earth’ with a 
mass of 6.36 Mg (0.02 Mj). At 0.14 AU planet GJ 876 c takes 30.3 days to orbit the 
star, its mass being 0.62 M;. The largest planet, GJ 876 b, is 2.64 M, and has an 
orbital period of 60.8 days. A number of other stars in Aquarius also have 
planetary systems (see table). 

At a distance of about 695 ly the Helix Nebula (NGC 7293) is probably the 
closest planetary nebula to Earth. It is more than one-third the diameter of the 
full Moon and appears gray when seen through a telescope. A long exposure 
photograph, however, shows it to be mainly reds, yellows and blues. Although it 
looks like a circle of gas it is, in fact, a bubble or shell expanding outwards in all 
directions from the white hot dwarf in the center. The Helix marks the death of a 
star. When it uses up all of its fuel, a relatively small star will swell to become a 
red giant, typically 10 to 100 Do. Eventually its outer gaseous layers will 
continue to expand and separate from the core which shrinks to become a white 
dwarf. The Helix Nebula’s parent star ended its red giant stage sometime between 
9,500 and 13,000 years ago. The shell is now expanding at between 30 and 40 
km/s and is about 5.8 ly in diameter. The remnant white dwarf star is thought to 
be perhaps as small as 40,000 km across but highly luminous. Eventually it will 
shrink to 10,000 km diameter - slightly smaller than the Earth - and fade over 
thousands of millions of years to become a black dwarf. The nebula itself 
contains around 20,000 ‘knots’ which look like comets. Their average length is 
50 AU or about equal to the size of Pluto’s orbit at its farthest point from the Sun. 
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Planetary systems in Aquarius 


Star Dp Spectral ly my, Planet Minimum q Q P 
class mass 

GJ 849 0.5 M3.5 28.6 +10.4 Gj 849b 0.82M, 2.209 2.491 5.18y 

GJ 876 0.4 M3.5 15.3 +10.2 Gj 876b 2.64M, 0.205 0.217 60.8d 
GJ] 876c 0.62M, 0.097 0.167 30.3d 
GJ 876d 6.36M, 0.018 0.024 1.94d 

HD 210277 1.1 G8 69.4 +6.63 HD 1.28 M) 0.581 1.619 1.21 y 
210277 b 

HD 219449 7.1 KO 148 44.25 HD 1.90 M, 0.300 0.300 182d 
219449 b 

HD 222582 1.2 G5 136 = +7.70 HD 7.75 M, 0.371 2.329 1.57 y 


222582 b 


Aquila 


Constellation: Aquila Hemisphere: Equatorial 
Translation: The Eagle Area: 652 deg” 
Genitive: Aquilae % of sky: 1.580% 
Abbreviation:  Aql Size ranking: 22nd 


In mythology Aquila carried the thunderbolts of Zeus. 


At magnitude m, +0.77 a Aquilae is the 11th brightest star in the night sky. Or 
the 12th. It all depends on « Orionis - Betelgeuse - which varies between 
magnitudes +0.58 and +1.3. « Aql is one of the closest stars to us at 16.7 ly and also 
fluctuates in brightness, but quite erratically and by only a few thousandths of a 
magnitude making it a 5 Scuti-class variable. Popularly known by its Arabic name 
Altair (meaning ‘flying eagle’) it is the 39th swiftest moving star, flying off towards 
Delphinus en route to Vulpecula, the fox. It covers a full degree in just 6,626 years. 
Physically it is also a fast spinner with a rotational velocity of 240 km/s, rotating 
once on its axis in just 10.3 hours compared to the Sun which takes more than 25 
days (rotational velocity of 2 km/s). The effect of such rapid rotation is that the 
equator bulges outwards so the globe has turned into an oblate spheroid, 2.03 Do 
(2.83 million km) across its equator but just 1.63 Do (2.37 million km) pole to pole. 
This causes Altair to display the von Zeipel effect in which the equator darkens and 
the mid-latitude and polar regions develop bright hot spots. This is because the 
surface gravity and effective temperature are less at the equator. Altair is a white A7 
Main Sequence star, 10.6 times more luminous than the Sun and has a mass of 1.79 
Mo. At 1,000 million years it is less than a quarter of the age of the Sun. 

B Aquilae or Alshain is a yellow G8 star three times the size of the Sun. It is also 
a physical binary, its companion being an m, +11.6 red dwarf 175 AU from the 
primary. The main star is a lightweight 1.3 Mo that has a temperature of 5,100 K. It 
is believed to spin on its axis at about 1.8 km/s completing a full rotation once 
every 84.4 days. 

y Aquilae or Tarazed may be a modest m, +2.69 magnitudes but its yellowish- 
orange tincture betrays the fact that this is a giant K3 of 110 Do - just a bit larger 
than the orbit of Mercury. It is 461 ly distant but, at 10 parsecs, would brighten to 
M, -2.3. Believed to be just 100 million years old - 1/45th the age of the Sun - y Aql 
is about 2,960 times as luminous as the Sun and has a temperature of just 4,100 K. 

The FO yellowish-white 6 Aquilae or Song lies just 50 light years from Earth 
and is typical of this type of star. F-class stars make up only 2% of all Main 
Sequence members and range in temperature from 7,200 K (FO) to 6,100 K (F8). 5 
Aql has a diameter of 1.7 Do (the average FO is 1.5 Do), is 8.7 times more 
luminous than the Sun (average is 6.5 Lo) and has a mass of 1.65 Mo (average 
1.60 Mo). It is believed to rotate at 30 km/s, taking just 2.9 days to spin once on 
its axis. 5 Aql is a triple star system. Its closest companion, 5° Aql, orbits the 
primary in just 3.77 hours. 5° Aq is farther out and has an orbital period of 3.42 
years. 
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25,000 years from now © Aquilae will have migrated to just south of what is currently 
the Great Square of Pegasus and § Aquilae will no longer play a central role. 
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¢ Aquilae isa barijum-rich K1 star, 17 Do across and with a luminosity of 44.4 
Lo. It may have a companion in a 3.5 AU orbit with a 1,270 day period and a 
second in a long period orbit of 110,000 years, taking it out as far as 3,700 AU 
from the primary star. ¢ Aql is heading towards us at a rate of knots - 48 km/s - 
putting it among the top 2% of the fastest moving stars. 

Like « Aql, ¢ Aquilae is a fast spinning young star - but this one is heading 
for the record books with a rotational velocity of at least 300 km/s. It is also an A- 
class star, this time an AO compared to the A7 of « Aql, with a diameter of 2.8 Do 
and a lot more luminous: 35 Lo. It also has two faint companions, although it is 
not clear whether these are really associated or just line-of-site illusions. They 
both appear to be M-class dwarfs, one lying at a distance of about 125 AU and 
with an orbital period of 800 years, the other more than 6,000 AU distant and 
taking at least 250,000 years to complete a full orbit. 

7 Aquilae or Bezek is one of the brighter pulsating Cepheid variables - also 
called a Cd - and varies in magnitude from m, +3.48 to +4.39 over a period of 7¢ 4" 
14™ 22°. The outer layers of the star expand and contract as regular as clockwork 
over a week, with the temperature changing from a high of 6,200K to a low of 
5,300K. Along with changes in magnitude and temperature, n Aquilae’s spectrum 
also changes from F6 to GO, yellowing in color as it does so. There is some 
disagreement as to the actual size of 7 Aql with some authorities estimating an 
average 60 Do and others as large as 100 Do. In reality, of course, the diameter will 
vary by perhaps as much as 30% as the star pulsates. Another consequence of the 
pulsations is that its radial velocity - the speed at which a star is either moving 
towards or away from us - swings between positive and negative, appearing to 
move towards us as the star expands and then traveling away from us as the star 
contracts. Overall, though, it is heading in our direction at 14.8 km/s. Strangely 
enough, n Aql was the very first ‘Cepheid’ to be discovered. 

n Aquilae is not the only Cepheid variable in this constellation. FF Aquilae 
varies by just 3/10th of a magnitude over 44 11" 18™ 7° but is a far more 
impressive object than n with a diameter of 219 Do - the size of the Earth’s orbit 
- and a luminosity of around 3,400 Suns. At 10 parsecs it would reach a brilliant 
M, of -6.5. 

6 Aquilae is a double and possibly a triple star. The visual component, 6“ Aql, is 
a white hot B9.5, rather more than two solar diameters across and 327 times more 
luminous. Lying at 287 ly it appears as a +3.2 magnitude star. Hidden almost 
behind it is 6® Aql, a 5th magnitude companion in an orbit that varies between 0.1 
and 0.4 AU, the stars circling their common center of gravity in just 17.1 days. The 
system is probably very young, on a cosmic timescale, being around 200 million 
years old. The third, rather tenuous component, 0© Aq], is a 13th magnitude object 
in a 300,000 year orbit that is separated from the other two by 10,000 AU. It is 
possible that 6° Aq] is just a line-of-sight illusion and is not physically related. 

The faint +4.67 magnitude v Aquilae marks the furthest boundary of the 
constellation at 11,649 ly, though it could be as far as 20,461 ly or as near as 
2,837 ly, such is the margin of error in our estimation of its distance. One thing is 
for certain, though, with a diameter of 67 Do v Aq| is a supergiant F2 with a 
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Aquila's Giant and Supergiant Stars 
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luminosity of between 110,900 and 169,330 Lo. If the mid range is correct then v 
Aql would shine as a M, -4.6 star at 10 pc. 

At first glance o Aquilae is not much different from our Sun. It’s an F8 (the Sun 
is a G2), is slightly larger at 1.3 Do and nearly three times more luminous - usually. 
But in 1998 o Aql suddenly brightened. This unusual event was due to a superflare: a 
coronal mass ejection of material up to 10 million times more energetic than the 
flares observed on the Sun. No one is absolutely certain why superflares happen - 
only nine stars are known to exhibit this phenomenon - but it may be caused by the 
interaction of the star’s magnetic field with that of a giant planet. Both F and G-type 
stars can release superflares, which is potentially catastrophic for life on Earth with 
our G2 Sun. So far, however, there is no real evidence that the Sun undergoes flaring 
on this scale. Researchers believe that superflares occur once every 100 years or so. 

p Aquilae is a wandering star. Having started in Aquila it has now migrated to 
neighboring Delphinus, crossing the border in 1999. It is very young, somewhere 
between 50 and 150 million years and, as might be expected, is buried in a cloud 
of dust which reduces it magnitude by about 15%. It is probably too early for 
planets to have been formed within the dust cloud although there is some 
spectroscopic evidence to suggest a planet, though this has never been 
independently confirmed. An A2, it is twice the size of the Sun and 19 times 
more luminous. It takes about 14 hours to spin once on its axis at 165 km/s. 

o Aquilae is an EB eclipsing binary. Consisting of two blue stars (a B3 and a 
B4) separated by just 0.07 AU - 10.5 million kilometers - they eclipse one 
another every 1¢ 22" 48™ 23°. The two stars seem to be similar in size at 3.7 and 
3.8 Do but they are also fast spinners at about 80 and 135 km/s. As a result they 
are oblate, bulging at their equators. Couple this with the fact that the orbit is 
somewhat inclined to our line of sight and it all means that the two stars never 
completely pass in front of one another but just partially eclipse their partners. 
The rotational speeds also mean that the two stars are face locked, the same 
hemispheres always pointing towards one another. 

31 Aquilae is one of the most rapidly moving naked eye stars. It is hurtling 
towards us at 100 km/s making it the 8th fastest star in the sky. Perhaps 
gravitationally kicked out of its original galactic orbit it brings with it a legacy of 
its neighborhood in the form of an unusually rich mix of elements including 
iron, sulfur, silicon, magnesium, oxygen and carbon. A yellow G8, it is 1.7 Do 
and 1.59 Lo and currently lies at just 49 light years away. It will be in our 
neighborhood in just 53.7 million years. 

A Mira-type pulsating variable lurks half way along the right hand wing of the 
Eagle. Known simply as R Aquilae it is a red giant, 54 Do across and 800 light 
years away in what is called the Great Rift in the Milky Way. For most of its 284.2 
day cycle it is invisible to the unaided eye, dipping to 12th magnitude and 
cooling from a 3,100K MS to a 2,600K M8 before brightening again to magnitude 
+5.5. There is no guarantee that, during any particular cycle, R Aql will brighten 
enough to be seen without optical aid. Mira-type variables are somewhat erratic 
in their behavior and R Aquilae’s cycle also seems to be shortening: 100 years ago 
it was about 350 days. Well worth recording when it is visible. 
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Two other naked eye variables are on display in Aquila, but their fluctuations 
are barely noticeable. Y Aquilae (or 18 Aq] if you prefer the Flamsteed number) 
changes from magnitude +5.02 to +5.06 with a period of 14 7" 15™ 16°. A bluish 
white dwarf, twice the size of the Sun, it is an elliptical eclipsing E-binary. V1288 
Aquilae (21 Ag]I) is an « CV rotating variable. Another B8 it is 1.6 Do and dips 
from magnitude +5.16 to +5.06 with a period of 12 17" 31™ 12°. 

Lurking in the middle of the constellation is Van Biesbroeck’s star, a red dwarf 
of such low mass — just 0.08 Mo - it is barely a star, tottering on the brink of 
being a brown dwarf. It was discovered in 1944 by George van Biesbroeck and is 
quite close to us at 18.72 ly. Often just referred to as VB 10 (it is also better 
known as V1298 Aquilae) it is thought to have a planet, one of 7 stars in the 
constellation to harbor planets but all too dim to be seen with the naked eye (see 
table). VB10 is just 13 times the mass of its planet. 


Planetary systems in Aquila 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


CoRoT-3 1.6 F3 2,200 +13.3 CoRoT-3b 4.25M, 0.057 0.057 21.7d 
CoRoT-6 1.0 F5 ? +13.9 CoRoT-6b 3.30M, 0.077 0.094 89d 
HD 179079 1.5 G5 210 +7.96 HD 0.08 M, 0.097 0.123 14.5d 
179079 b 
HD 183263 1.2 G2 180 +7.86 HD 3.69 M, 0.942 2.098 1.74y 
183263 b 
HD 3.82 M, 4.143 4.358 8.08 y 
183263 c 
HD 192263 0.8 K2 65 +7.79 HD 0.72 M, 0.150 0.150 24.4d 
192263 b 
HD 192699 4.3 G8 220 +6.44 HD 2.50 M, 0.987 1.333 351.5d 
192699 b 
V1298 Aql 0.1 M8 18.72 +17.3  VB10b 640M, 0.007 0.713 271.5d 


Open clusters in Aquila 


Name Size Size Distance Age Brightest No. stars Apparent 
arcmin ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 6709 40’ 41 3,500 151 No 84 +6.7 
identification 
my +7.60 
NGC 6755 29’ 39 4,630 52.4 DM +03° 3903-25 +7.5 
my +10.23 


*May not be a cluster member. 
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Constellation: Ara Hemisphere: Southern 
Translation: The Altar Area: 237 deg” 
Genitive: Arae % of sky: 0.575% 
Abbreviation: Ara Size ranking: 631d 


Known to the ancient Greek and Roman scholars the constellation was named by 
Cicero and was included in Ptolemy’s original list of 48 constellations. The Altar 
is associated with several Greek myths including the Centaur Chiron, Dionysus 
the God of Wine, and Lycaon who was turned into a wolf after sacrificing a child 
on the Altar. 


The bluish B2 a Arae lies at about 242 ly from Earth and seems to want to stay 
there - it does not appear to be heading either towards or away from us. To all 
intents and purposes it appears as a normal star: 5.2 solar diameters across, 340 
times more luminous than the Sun and with an absolute magnitude of M, -1.7. 
But what makes « Arae interesting is its spin rate. No one is exactly sure how fast 
it is rotating on its axis but the figure is somewhere between 375 and 450 km/s, 
completing a full rotation in anywhere between 16.8 and 14 hours. The Sun 
spins at 2 km/s and takes 25 days to rotate just once. At such a high rotational 
speed the star is physically unstable, throwing off vast amounts of material from 
its equatorial region which now surrounds the star. 

Just 100th of a magnitude fainter is B Arae, an orange K3 supergiant of 310 
Do and 2,100 Lo. It lies at a distance of 603 ly but at 10 pc it would brighten to 
magnitude My, -4.4 which is as bright as Venus. The star is big enough to just 
about fill the orbit of Mars. 

At about 1,136 ly y Arae is the farthest star in this constellation, and also the 
most luminous at 4,754 Lo. Some 26 solar diameters across this B1 giant has an 
absolute magnitude of M, -3.3. 

p Arae is interesting for several reasons. First, it is a solar analog: it is about 
one-third larger than the Sun, a close spectral match at G5 (Sun = G2), but the 
same mass, 1.0 Mo, and is rather more luminous at 1.68 Lo. It is also a cosmic 
stone’s throw away at a mere 49 ly. In fact, an observer on a planet in orbit 
around p Ara would no doubt be looking at the Sun and pondering on the 
similarities. Which is another interesting possibility as 1, Arae appears to have a 
planetary system of at least four bodies. The closest planet to the star is  Araec, a 
possible ‘super-Earth’, ten times more massive than our own planet and 
approaching the limits of how large a rocky planet can become. At an average 
of just 0.09 AU from the star - 13.5 million km - it is probably too hot to sustain 
life as we know it. Mercury, by comparison, is 46.4 million km during its closest 
approach to the Sun when the surface temperature reaches 177 K (450°C). At 0.9 
AU there may be a possible gaseous giant, pp Arae d, about half the mass of Jupiter 
and with an orbital period of 311 days. At roughly the position that Mars is from 
the Sun, 1.5 AU, another gas ball, 1 Arae b, probably exists, this time it is 1.7 
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Jovian masses. Still farther out at 5.2 AU - the same distance Jupiter is from the 
Sun - is a 1.8 M, planet, p Arae e, which takes 11.5 years to orbit the star Jupiter 
11.9 years). At an estimated 6,340 million years, 1 Arae is considered to be 
somewhat older than our own Solar System which is 4,560 million years old. 

In addition to p Arae, the constellation boasts several other stars that appear to 
have grown planets. HD 154857 is an invisible 7th magnitude star some 223 
light years away. A yellow GS dwarf, not unlike the Sun, it is 2.4 times larger, 1.2 
times more massive but much older at 8,980 million years. In 2004 a 1.8 My 
planet, HD154857 b, was discovered to be lying at a distance of 1.2 AU. A second 
as yet unconfirmed planet may also exist. Close by HD 154672 is another yellow 
dwarf, an 8th magnitude G3, 1.06 solar masses with a diameter of 1.3 Do. Its 
planet orbits the star in just 164 days at an average distance of 0.6 AU. It is at least 
5 Jovian masses. The system lies at a distance of 215 ly and is thought to be about 
9,300 million years old. GJ 674 is an M2.5 red dwarf, just 15 light years distant, 
and a faint 0.0032 Lo. A little less than half the diameter of the Sun, 0.42 Do, 
and with only one-third of its mass, the star is a 9th magnitude object. In 2007 a 
0.04 M, planet was discovered at just 0.04 AU - only 6 million km - from the star. 
It takes 4.7 days to complete one orbit. 

Ara has several open clusters ranging from just 6 million to 1,172 million years 
old and one globular cluster of about 13,400 million years old. 


Planetary systems in Ara 


Star Dp Spectral ly my, Planet Minimum q Q P 
class mass 
yw Ara 1.25 G3 50 -+5.15 HD 1.68 M, 1.31 1.69 1.76 y 
160691 b 
HD 0.033 M, 0.075 0.107 9.64d 
160691 c 
HD 0.522 M, 0.860 0.982 310.6d 
160691 d 
HD 1.814M, 4.72 5.75 11.5y 
160691 e 
GJ 674 0.42 M2.5 14.8 +9.38 Gj674b 0.037 M, 0.031 0.047 4.7d 
G) 676 ? MO 54.5 416.1 Gj 676b 4M, ? ? 2.77 y 
HD 1.0? G6 278 +9.18 HD 3M, 1.28 5.12 5.74y 
152079 152079 b 
HD 1.27. G3 215 +8.22 HD 5.02 M, 0.234 0.966 163.9d 
154672 154672 b 
HD 2.42 G5 223 47.25 HD 18M, 0.636 1.764 1.12y 
154857 154857 b 
HD 1.2? F8 180 +6.67 HD 0.75 M, ? ? 2.31 y 


156411 156411 b 
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Open and globular clusters in Ara 


Name Size Size Distance Age Brightest No. stars Apparent 
arcmin ly ly million star in my magnitude 
yrs region* >+12* my 
IC 4651 24! 20 2,900 1,140 DM -49° 45 +6.9 
11417 
my +8.97 
NGC 6193 33’ 36 3,770 6 HD 150135 67 +5.2 
my +7.60 
NGC 6200 22’ 43 6,700 8.5 HD 150627 25 +7.4 
my +9.17 
NGC 6208 12.4’ 11 3,060 1,172 DM -53° 8183 14 +7.2 
my +996 
NGC 6250 15.8 13 2,820 26 HD 152917 14 +5.9 
my +996 
NGC 6397 26’ 55 7,200 13,400 Globular Cluster +5.9 


*May not be a cluster member. 


Aries 


Constellation: Aries Hemisphere: Northern 
Translation: The Ram Area: 441 deg” 
Genitive: Arietis % of sky: 1.069 % 
Abbreviation: Ari Size ranking: 39th 


Aries is associated with the Argonauts’ quest for the Golden Fleece. It is one of 
the Zodiacal constellations, the Sun entering it on 18 April and leaving on 14 
May. 


a« Arietis is magnitude my, +2.0 star some 66 ly from Earth. A K2 it is 14.7 times 
larger than the Sun and is gradually dying. Its rotational velocity is slightly less 
than the Sun’s at 1.8 km/s so it takes more than a year - 413 days - to turn once 
on its polar axis. It is sometimes called by its Arabic name, Hamal, which means 
‘the lamb’ although this name was originally applied to the entire constellation. 

At a distance of 60 ly B Arietis or Sheratan is the closest of the stars in Aries. A 
white AS dwarf about twice the size and mass of the Sun it is rather more 
luminous at 24 Lo. It is a binary system, its companion being a Sun-like star with 
an estimated mass of 1.02 Mo in a highly elongated orbit that brings the two 
stars to within 0.08 AU (12 million km) of one another before separating them by 
1.2 AU. The orbital period is 107 days. The companion is optically invisible and 
can only be detected by other methods. 

y Arietis or Mesartim is also a binary star lying at a distance of 204 ly. y* 
Arietis is the smaller of the two, a 1.2 Do white BY, 56 times more luminous 
than the Sun which gives a visual magnitude of m, +4.59. y” Arietis is 
somewhat larger at 1.9 Do and just makes it into the next spectral class of A1. It 
is actually an « CV rotating variable, fluctuating between m, +4.62 and +4.66 
over a period of 2414" 38™. One of the first binary systems to be discovered, 
accidentally by Robert Hooke in 1664 who was following a comet, the pair are 
7.5" apart and are easily separated with a binocular although, in reality, they are 
at least 500 AU apart and take a minimum of 5,000 years to complete one orbit. 

One of the more distant stars in Aries at 659 ly is the yellowish-orange dwarf 
i Arietis. With a luminosity of 300 Lo this 1.5 solar diameter star is a faint m, 
+5.11. It is another spectroscopic binary system. Virtually nothing is known 
about its companion except that it is in a 1,568 day long orbit (4.3 years). 

Apparently close to « Ari but actually about three times farther away « Arietis 
is a Main Sequence A2 star, 26 times more luminous than the Sun. About 2.3 Do 
its apparent magnitude is m, +5.02. An unseen companion lurks close by in a 
15.3 day orbit. 

There is a confusion of taus in Aries. There is a t!“ Arietis, a t'® Arietis, a 17" 
Arietis and a t”8 Arietis. The Tau 1s have nothing to do with the Tau 2s and the 
Tau 2s have nothing to do with each other. The Tau 1s are an eclipsing binary 
system at 620 ly. At a barely visible magnitude of m, +5.50 t!“ Arietis is a BS, 
2.6 Do star with an 8th magnitude component, t’® Arietis. Close enough on 
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the sky and faint enough to have once been mistaken as its natural companion, 
774 Arietis is actually a lot closer at 462 ly. Sometimes listed as 78 Arietis an 
8th magnitude ‘companion’ is simply a line-of-sight coincidence. 

SX Arietis is the prototype of a class of variable star that bears its name and 
which are also known as ‘helium variables’. These are Main Sequence B-class stars 
whose strong magnetic fields, and He I and Si II (helium and silicon) spectral 
lines vary in intensity. The magnetic and magnitude fluctuations coincide with 
their rotational periods. SX Ari itself varies between m, +5.50 and +5.81 with a 
period of 17? 28™. It has a very uncertain diameter of 2.7 De and lies 372 ly 
away. 

Technically the brightest star in Aries is 35 Arietis. Although it has a modest 
apparent magnitude of my, +4.64 its appearance belies the fact that it isa 2.3 Do 
bluish B3, 370 ly from Earth but with a luminosity of 836 Suns. At the standard 
10 pc it would actually brighten to My -1.7. It is another binary, its spectroscopic 
partner orbiting the primary every 490 days, and may even be a triple star system 
with the third component orbiting one of the other two stars in just 2.6 days, 
although this has never been confirmed. 

Despite not having a Bayer designation 41 Arietis is actually the third 
brightest star in Aries with a magnitude of m, +3.59 - but it was not always that 
way. The star was once part of a now long defunct constellation called Musca 
Borealis, the ‘Fly of the North’, and when the constellation disappeared, along 
with a number of others, the star found itself in Aries like some displaced cosmic 
refugee. A bluish-white B8, it is not a particularly big object, just 1.4 Do, but with 
a luminosity of 71 Suns it would be M, -0.2 at 10 pc. It is also a fast spinner, 180 
km/s, completing one turn in about 9.5 hours. 

53 Arietis is an interloper. Originally part of the Trapezium Cluster of the 
Orion Nebula, about 2.7 million years ago the shockwave from a supernova, or a 
gravitational entanglement between two binary systems, kicked the star out of its 
own neighborhood towards Aries. It was not alone. AE Aurigae and , Columbae 
appear to have been ejected at the same time. At m, +6.12 it is invisible to all but 
those with the keenest of eyes and who are blessed with dark skies. 

The honor of the largest star goes to HD 20644, a 43 Do K4 giant at a distance 
of 641 ly. 

Just to the north of 8 Arietis is a 9th magnitude binary system, HIP 8920 (or 
SAO 75016). Normally too faint to be worth mentioning it happens to be very 
interesting. Some 300 ly away the two stars are virtually identical to the Sun in 
terms of size, mass and luminosity, and probably age. They are also very close, 
orbiting one another in just 3.42 days. The really interesting thing about this 
system however, is that it seems to be bathed in a very dense, hot dust cloud. The 
Solar System has its own cloud of course, caused by countless collisions between 
asteroids and the disintegration of comets as they approach the Sun. We can see 
evidence of the cloud in the form of the Zodiacal Light, Zodiacal Band and 
Gegenschien, and meteors. But HIP 8920’s cloud is more dense by a factor of 
about one million. This poses a mystery. The age and complexity of the binary 
system should have swept the area clean of dust thousands of millions of years 
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ago by either absorbing and vaporizing the dust or ejecting it from the region 
sending it deep into interstellar space. The fact that there is so much dust still in 
the system tends to suggest that it is a recent addition, perhaps caused by the 
collision of two Earth-like rocky planets. Planet formation in a binary system can 
be tricky because of the gravitational tidal forces. What HIP 8920 perhaps 
demonstrates is that, even when planets do form under such conditions, they 
exist in a chaotic, hostile environment that can ultimately destroy them. As the 
celebrated science writer Nigel Calder pointed out several decades ago, we live in 
a violent Universe. 
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Constellation: Auriga Hemisphere: Northern 
Translation: The Charioteer Area: 657 deg” 
Genitive: Aurigae % of sky: 1.593% 
Abbreviation: Aur Size ranking: 21st 


Auriga is one of Ptolemy’s 48 constellations and contains a number of interesting 
and unusual stars. 


The third brightest star in the Northern Celestial Hemisphere and the sixth over 
all, « Awrigae is one of the few stars better known by its ancient name Capella. 
There are a number of slightly different interpretations of the name Capella - ‘she- 
goat’, ‘goat star’, ‘little she goat’ - but what they all allude to is a goat being carried 
over the shoulder of Auriga the Charioteer. To the observer Capella appears as a 
yellow my, +0.08 star, but there is more to Capella than meets the eye. A little more 
than 100 years ago astronomers at the Lick Observatory discovered that « Aur is a 
binary system but the spectral signature of the two stars proved difficult to 
interpret. Today’s view is that the main component is a G8 giant, 13.6 Do across, 
3.0 Me and 93 times more luminous than the Sun. It rotates at a modest 3 km/s 
taking about 230 days to complete one turn. Its companion is also a yellow star, 
somewhat paler due to it being a GO class and, at 6,000K, some 10% hotter but 
similar in mass at 2.5 Mo although smaller at 8.3 Do across. It rotates 12 times 
faster at 36 km/s taking just 11.7 days to spin around once. The two stars are ina 
near-circular orbit that keeps them separated by 0.72 AU - 100 million km - with 
an orbital period of about 104 days. The alignment of the orbit is such that the two 
stars do not eclipse one another as seen from Earth. 

Further studies of Capella have revealed it to be not a binary but a double 
binary arrangement. At about 10,000 AU farther away is a pair of red dwarfs 
gravitationally bound to themselves and to Capella. They seem to be of similar 
size, about half as big as the Sun, although one is 0.5 Mo while the other is a 
featherweight 0.2 Mo. They orbit one another every 388 years and Capella every 
373,000 years. 

The whole system is just 42 light years away as the cosmic crow flies and 
belongs to what is known as the Hyades Moving Group, a cluster of stars all 
heading in the same direction and associated with Hyades in Taurus. 

B Aurigae or Menkarlina is also a binary but a noticeable one in that it is an 
Algol-type or EA eclipsing binary. The two stars are almost identical A2 class 
about 4.3 Do across and separated by 0.08 AU - just 11.6 million km - in a near 
circular orbit that takes 3° 23" to complete. As a result, the pair partially eclipse 
one another, one occluding the other by about 25% every 47 hours. The 
components are so close together that they are gravitationally distorted into tear- 
drop shapes. There is also a third component, a 14th magnitude red dwarf at 350 
AU. The system is believed to be part of the Sirius Supercluster, 82 light years 
from Earth. 


Auriga 61 


Auriga 
Apparent Magnitudes 


Absolute Magnitudes 


+6 +5 +4 +3 #42 ~=«1414 


ett + KOK © 


Magnitude 


62 The Star Atlas Companion 


Auriga 


Distances 


Tau 7 
BTau) _ 


ee ee ee ee ee ee eee ee ee ne ene 
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 
Distance (ly) 


Orbital Arrangement of the Capella System 


(Not to scale) 


P = 388 years 


Auriga 63 


cae Auriga Stars >25D, 
. 5M. 
514ly 
Ry 2.5kmi/s 
Rp 1.44 years 


Ww Aur (K5) 
28 Do 
. 35 M5 
306 ly 
Ry 2.2kmi/s 
Rp 1.76 years 


v Aur (MO) 
‘ge 636 Da 
=) smu. 
475ly 
€ Aur (FO) 
365 Do 
12.2M5 
C Aur (K4) 1,182 - 2,895 ly 
53 Do Ry 54kmi/s 
> 4.9 M. Rp 342days 
788ly 
Ry 19km/s 
Rp 141 days 
Orbit of the inner Asteroid Belt 


. Aur (K3) 
73 Do 
8.5M,5 
512ly 

Ry 7.3km/s 
Rp 1.39 years 


X% Aur (B5) 
90 De 
16M, 

4,077 ly 

Ry 40kmi/s 

Rp114 days 


Tt Aur (M3) 


w" Aur (K5) 1kmis 
511 Do Rp 12.6 years 
14.5M,5 

3,837 ly 
Ry 4.9kmi/s 
Rp 14.5 years 


64 The Star Atlas Companion 


When Johann Bayer compiled his Uranometria star atlas he arranged the stars 
in roughly magnitude order, so the brightest was «, the second brightest B and so 
on. Something seems to have gone terribly drastically when it came to Auriga. y 
Aur does not exist, so naturally the third brightest should then be assigned to the 
next Greek letter, 5, except that 5 Aurigae is actually the 8th brightest star. The 
third brightest is 9 Aurigae which should have been assigned to the 8th brightest. 
Similarly 1 Aur should be the 9th brightest but is, in fact, the 4th. Confusing, isn’t 
it? So what did happen to y Aurigae? Well, Auriga is one of the few constellations 
that shares a star with one of its neighbors. Nowadays y Aurigae is called B Tauri 
in much the same way that « Andromedae used to be called 5 Pegasi where it 
marks one of the corners of the Great Square of Pegasus. 

The enigmatic ¢ Aurigae has puzzled astronomers for almost 200 years. It is 
the joint 19th largest star visible to the naked eye with a diameter of a staggering 
365 Do (3.4 AU). It exists somewhere between 1,181 and 2,895 ly from Earth and 
has a luminosity of at least 19,600 Suns and perhaps as much as 21,600 Lo and 
would be one of the brightest stars in the night sky at 10 pc with an M, of -8.5. 
An FO class star with a temperature of about 7,200K it appears as a washed-out 
yellow. And it is variable. For most of the time it is at magnitude m, +2.92 but 
every 9,892 days - that’s 27.1 years - its brightness dips by almost a full 
magnitude to my, +3.83 and stays there for anywhere between 640 and 730 days 
(1.75 to 2 years). Well, almost. About midway through its dim period it brightens 
slightly. The suspicion is that ¢ Aur is an exceptionally long period Algol 
eclipsing variable. The problem is that the companion star that supposedly 
passes in front of ¢ Aur, thus causing it to dim, appears to be invisible! It has been 
suggested that the companion star is shrouded in a cloud of dust. The dust forms 
a torus or doughnut with a hole in the middle that allows ¢ Aur to brighten half 
way through the eclipse. Another theory was that the companion was semi- 
transparent. It has even been suggested that a black hole is in orbit around the 
primary, although this has largely been dismissed. Observations by the Spitzer 
infra-red space telescope suggest that the companion star is surrounding by a 
cloud of gravel size particles rather than the expected dust. 

Another Algol or EA eclipsing binary is ¢ Aurigae. Robert Burnham, of 
Burnham’s Celestial Handbook fame, thought that this system was 1,200 light 
years from Earth and that the main star was at least 160 Do and possibly as large 
as 300 Do. Latest measurements have reduced the distance by about a third to 
788 ly and the diameter to a ‘mere’ 53 Do. With a maximum magnitude of my, 
+3.70 © Aur is a K4 giant with a temperature of about 4,000 K. Its companion is 
believed to be a hot 15,000 K blue dwarf, 3.9 solar diameters across. Their orbital 
separation swings between 2.5 and 6 AU with the result that one star eclipses the 
other every 972.16 days (2 years 241 days) when the magnitude drops to my 
+3.97. 

7 Aurigae is a moderately fast spinning B3 blue star. With a diameter of 3.7 
Suns and a rotational velocity of 95 km/s it takes just under two days to complete 
one revolution. 

At a distance of 173 ly ® Aurigae is both a rotating variable and a binary anda 
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chemically peculiar star. Nearly five times as large as the Sun but 207 times as 
luminous 0 Aur is a bluish-white AO dwarf with a temperature of around 9,500 K. 
Sometimes referred to as a ‘silicon star’ its spectrum reveals high levels of silicon, 
chromium and iron which seem to be concentrated in pools that affect the star’s 
magnetic field, causing it to fluctuate in strength. As with the Earth, the magnetic 
poles are not aligned with the rotational poles. Its magnitude varies slightly 
between m, +2.62 and +2.70 over a period of 1¢ 8" 58™ and so it is classed as an 
CV variable. Its companion is a m, +7.1 G2 solar analog known as 0° Aurigae. 

Traditionally, 8 Aur and 1 Aurigae have been drawn linked to B Tauri, making 
Auriga one of only three constellations to share a star. 1 Aur itself is a 73 Do K3 
supergiant, 512 ly from Earth, and shining at my, +2.66. 

dX Aurigae is currently the closest of all the stars in Auriga but it is also 
moving away from us at an impressive 65.3 km/s making it one of the fastest 
naked eye stars in the sky receding from the Sun. Its space velocity is even higher 
at 89 km/s. A G1.5 dwarf of 1.2 Do and 1.2 Mo it has a visual magnitude of my 
+4.7 which would brighten by almost a full magnitude to M, +3.8 at 10 pc. 

x Aurigae belongs to a relatively rare class of stars known as Lc pulsating 
variables. Only a dozen can be seen without optical aid. They are all K or M class 
and pulsate without any detectable regularity. An aging supergiant, 91 times 
larger than the Sun, a Aur varies between my, +4.24 and +4.34. An M3 it lies at a 
distance of 841 ly. 

Bringing up the rear is y Aurigae, a 90 Do bluish BS supergiant, twice as hot 
as the Sun at 12,000 K. It has a magnitude of m, +4.74 but that is mainly because 
of its distance of 4,077 ly. With a luminosity of 16,100 Lo it would have an 
absolute magnitude of M, -6.3 at the standard distance of 10 pc. 

There is a plethora of stars in Auriga - no less than 9 - and none of them 
related! y" Aurigae, like x Aur, is an Lc irregular pulsating K5 variable at a 
distance of 3,837 ly. It is also huge. At a staggering 511 Do this red supergiant is 
4.8 AU across, larger than the orbit of Mars by almost a full AU. From Earth it 
appears as a faint m, +4.75 but at 10 pc it would have an absolute magnitude of 
M, -5.7. Wy? Aurigae is a more modest 21 Do orange K2 at 433 ly. y? Aurigae is 
smaller again, just 2.8 Do and a fast spinning bluish-white Main Sequence star. 
W* Aurigae is similar to |” Aurigae: a bit larger at 28 Do it isa KS and somewhat 
closer at 306 ly but unlikely to be related with * Aur heading away from us at 
16.9 km/s while y* Aur is hurtling towards us at 73.1 km/s making it the 14th 
fastest naked eye star heading our way. The Sun-like w° Aurigae is also 
journeying towards us, at 23.7 km/s. It is 20% larger than the Sun, a GO type with 
a luminosity of 1.74 Lo and lies at 53 ly. The two stars, y° and w” Aurigae are 
both orange giants, K1 and K3 respectively, with diameters of 17 and 21 Do but 
again, heading in opposite directions. Finally, y® and Wy? Aurigae are both 
similar distances from the Earth at 827 ly and both B-class - a B9.5 and a B8 - but 
they are probably not related, the former heading towards us at 26.6 km/s while 
the latter is traveling deeper into space at 41.1 km/s. ? is perhaps the most 
interesting of the two being a 3.7 Do Be emission star with a circumstellar disk. 
They are both 6th magnitude stars. 
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1 Aurigae is now usually known as HD 30504, the star having migrated 
across the border into Perseus. 

14 (or KW) Aurigae belongs to a class of variables now known as 6 Scuti 
types but previously referred to as ‘dwarf Cepheids’. An A9 yellowish-white sub- 
giant, 4 Do, it fluctuates between magnitudes m, +5.01 and 5.08 over 2" 7™. 

There is nothing particularly unusual about 26 Aurigae. It has an apparent 
magnitude of my, +5.42 and is a B9.5 dwarf of 3.4 Do. Its importance is that it is 
only 2° from the galactic anticenter: the point in the sky that is directly opposite 
the center of our Galaxy. Draw an imaginary line between it and 136 Tauri, m, 
+4.55, and the anticenter lies midway between the two. 

Several stars in Auriga have planetary systems. One of the most interesting 
planets is WASP-12 b. At just 3.3 million km from the parent star, a 1.57 De GO, 
it is a scorching 1,700 K. This coupled with immense tidal forces means the 
atmosphere from this 1.41 M, hot Jupiter is slowly being stripped away and 
siphoned off into the star. About 871 ly away the planet is in a slightly eccentric 
1.09 day long orbit during which it varies from 0.022 AU (3.3 million km) to 
0.024 AU (3.6 million km) and is slowly spiraling inwards. It will fall into the star 
in about 10 million years. 

At about 166 ly distance GD 66 or V361 Aurigae has long been known to be 
a 16th magnitude variable. It is also a pulsar of 0.64 Mo and appears to be 
moving through space in a series of small circles. This motion, detected by 
regular variations in the star’s pulse rate, suggests the presence of a 2.11 Mj planet 
in an orbit of 2.356 AU. Searches have failed to directly detect the planet but it is 
thought to have an orbital period of about 4.52 years. 

With a magnitude of just m, +7.06 AB Aurigae is too faint to be seen without 
a binocular but this AO class star, about twice the size of the Sun, has a couple of 
secrets. First, it is a strong source of X-rays which appear to emanate from just 
above the star. These seem to be due to material being ejected by both 
hemispheres and magnetically attracted to one of the poles where high speed 
collisions generate enough energy to release X-rays. Second, it appears to have a 
structured dust ring. Stretching out to about 80 AU the ring is fairly compact and 
contains dust particles that are larger than those found in interstellar space, 
suggesting they have begun to accrete. There is then a gap with a second ring 
extending to about 170 AU. This gap is likely to be due to the presence of a 
protoplanet, similar in size to the Solar System’s largest asteroids (about 1,000 km 
across), which sweeps clean a channel through the dust cloud. With AB Aur we 
could be witnessing the birth of a planetary system. 

About a third of the distance from 1 to @ Aurigae is a star in the wrong place. 
AE Aurigae is a runaway: a star that has been ejected from its original orbit 
either by the pressure wave from a nearby supernova or from the collision 
between two binary systems. The event took place about 2.7 million years ago in 
the Trapezium Cluster of the Orion Nebula and launched AE Aur, 53 Arietis and p 
Columbae into new trajectories. AE Aur is a blue 09.5 - almost a BO - of 5 Dg and 
19 Mo with a temperature of about 32,000 K. It is an Orion-type variable 
fluctuating by 3/10th of a magnitude from my +5.78 to +6.08. It retains much of 
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the energy from the supernova explosion, slicing through space at 59.1 km/s 
away from us. 

Auriga houses three Messier objects: the open clusters M36, M37 and M38. 
M36 is the youngest of the trio at about 29 million years and lies at a distance of 
4,300 ly. Not much farther at 4,500 ly M37 contains the greatest number of stars 
brighter than 12th magnitude, some 130 in total, although probably not all are 
actual members of the cluster. M38 is the closest at 3,500 ly. NGC 1857 contains 
just a handful of bright stars while NGC 2281, the brightest (m, +5.4), largest 
(1°) and closest (1,800 ly) is also the oldest at 358 million years. 


Open clusters in Auriga 


Name Size Size Distance Age Brightest No. stars Apparent 
arcmin ly ly million star in my magnitude 
yrs region* >+12* my 
M 36 12’ 15 4,300 29 HD 244949 103 +6.3 
(NGC 1960) my +8.42 
M 37 24 31.4 4,500 346 DM +32° 1113 130 +6.2 
(NGC 2029) my +9.16 
M 38 20’ 20.3 3,500 290 HD 35519 109 +7.4 
(NGC 1912) my +6.15 
NGC 1664 38’ 43 3,900 286 HD 30650 65 +7.6 
my +7.53 
NGC 1778 14’ 19.5 4,800 143 HD 32800 19 +7.7 
my +9.03 
NGC 1857 12’ 65.6 18,800 133 HD 34545 5 +7.0 
my +7.38 
NGC 1893 35’ 109 ~=10,700 11 HD 242908 45 +7.5 
my +9.05 
NGC 2281 61’ 32 1,800 358 HD 49009 91 +5.4 
my +7.25 


*May not be a cluster member. 
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Constellation: Bodtes Hemisphere: Northern 
Translation: The Herdsman Area: 907 deg” 
Genitive: Bootis % of sky: 2.199% 
Abbreviation: Boo Size ranking: 13th 


Home of Arcturus, the brightest star in the Northern Celestial Hemisphere, this 
constellation was imagined to be a man herding the two bears, Ursa Major and 
Ursa Minor. 


When the World Fair opened in Chicago in 1933 to celebrate a Century of Progress 
the organisers chose « Bootis to launch the event. At that time it was thought 
that the star - better known as Arcturus - was 40 light years from Earth. A similar 
fair had been held 40 years earlier in 1893 so it seemed appropriate that light 
traveling for four decades from Arcturus should be involved in the celebrations. 
The starlight was focused by a telescope onto a photoelectric cell which activated 
a switch that turned on the floodlights. Today we know that Arcturus is just 36.7 
ly from Earth but this slight discrepancy should not detract from what was an 
imaginative and innovative idea. « Boo - note how the 6 is replaced by a 
common or garden o - is a K1.5 giant, 23 solar diameters across, with a visual 
magnitude of m, -0.04. Because it is already so close to the Sun its absolute 
magnitude would not change much at M, -0.2. It is the brightest star in the 
Northern Celestial Hemisphere and the fourth brightest star in the entire sky 
after Sirius, Canopus and « Centauri. In 1635 it became the first extra-solar star to 
be observed in daylight. In reality it is 89 times more luminous than the Sun. 
Arcturus is in a highly inclined orbit that takes it above and below the main 
plane of the Galaxy. It is almost at its closest point to us and getting closer by 5.4 
km/s. In a few thousand years it will cross the plane of the Galaxy and head off in 
the direction of Virgo, fading as it does so until 500,000 years from now it will be 
invisible to the naked eye. Seismic studies suggest it wobbles like a jelly. It may, 
or may not, have a companion which may be a star or an 11.7 M; gaseous planet. 

More of a warm yellow than a bright yellow B Bootis or Nekkar belongs to a 
similar spectral class as the Sun - a G8 as opposed to a G2 - but is over a dozen 
times larger and 148 times as luminous. It is also regarded as a flare star having 
been observed to emit a bright X-ray flare in 1993. These flares are thought to be 
caused by the collapse of magnetic field loops. Flare stars are not particularly 
uncommon: the closest to us include Proxima Centauri (4 ly), Barnard’s Star (6 ly 
in Ophiuchus), Wolf 359 (7.7 ly in Leo) and the unforgettable 11th magnitude 
TVLM513-46546 which is also in Bootes at a distance of just 35 ly. B Boo is not 
so close at 219 ly. It is also unusual in that it contains higher levels of barium 
than normal. Such concentrations are thought to have been caused by the star 
cannibalizing a neighbor, leaving behind a dead white dwarf but, so far, no such 
companion has been found. 

A 6 Scuti type variable that changes in magnitude from m, +3.02 to +3.07 over 
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Bootes AD 27,000 


By AD 27,000 & Bootis will have left the constellation to take up residence 
in Orion near Betelgeuse while t Bootis will have migrated to Leo. 
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a period of 6" 58™ y Bo@tis or Seginus is an A7 white star which, at 3.2 Do isa bit 
on the large side: 70% of naked eye A7 type stars are less than 2 Do. It isa 
moderately fast spinner at 128 km/s taking just over a day - 30.4 hours - to 
complete one rotation. y Boo marks Bodtes’ left shoulder. 

Bootes’ right shoulder is indicated by 6 BoOtis, a yellowish-orange G8 giant, 
11 Do and 1.2 Mo. It is a binary, its companion an invisible my +8.7 solar analog 
about 10% larger, more massive and more luminous than the Sun. The two stars 
are in a long period orbit of about 120,000 years being separated by at least 3,800 
AU. 

& Bootis is regarded as one of the most striking binaries but you need a fairly 
decent telescope to separate them. The primary, ¢“ Bodtis is a +2.46 magnitude 
orange giant. Just 2.8” away is e® Bootis, a blue A2, of magnitude 4.80. If you 
know how to work out the formula that relates distance to magnitude then «* 
Boo should be at 210 ly and ¢® Boo at 520 ly. In fact, they are both around 210 ly 
and separated by about 185 AU, giving an orbital period in excess of 1,000 years. 

Another binary ¢ Bo@tis, also known as ©1865, consists of an almost identical 
pair of A3 Main Sequence stars, about 3.6 Do and 3.3 Do The most interesting 
feature about this system, however, is the highly elongated orbit that brings the 
stars to within 1.4 AU of one another before separating them by 64 AU - twice 
the distance of Neptune from the Sun - with a period of 123.5 years. 

Rather more than 2 solar diameters across n Bootis appears as a my +2.7 
yellowish-white star that also has an absolute magnitude of M, +2.7 due to the 
fact that it lies at 10 parsecs: the standard distance used to calculated absolute 
magnitudes. 

In the top right hand, north western corner of the constellation’s boundary is a 
small triangle of stars which were traditionally regarded as the outstretched fingers 
of the Herdsman. For some strange reason Johann Bayer referred to them as three 
donkeys: Asellus Primus, Secundus and Tertius. They are not actually related. 
0 Bootis is the ‘First Little Donkey”, an F7 yellowish-white star of the 4th 
magnitude and lying at a distance of some 47 ly - the closest of the donkeys. 8 Boo 
seems to have an 11th magnitude companion: an M2.5 red dwarf, only about 30% 
as massive as the Sun and a mere 3% as luminous. The two are in an unstable orbit 
which separates by at least 1,000 AU producing an orbital period of more than 
25,000 years. When at its farthest point from the primary star the red dwarf is at 
risk of being gravitationally tugged from its orbit by other passing stars. 

t Bootis is Asellus Secundus, the ‘Second Little Donkey”’, twice as far away 
and an A9 Main Sequence white, a little larger than the Sun at 1.2 Do. Itisad 
Scuti variable flickering between m, +4.73 and +4.78 without any discernable 
regularity. 

The “Third Little Donkey”’, or Asellus Tertius, is twice as far again and is also a 
8 Scuti variable. Listed as x” Bodtis its magnitude varies between m, +4.50 and 
+4.58 but is as regular as clockwork: 1" 48™ 47°. Its fainter companion, the m, 
+6.7 x? Bodtis, is an F1 dwarf in a 6,000 year long orbit. 

At first glance there is nothing unusual about 4 BoOtis. It seems to be a typical 
Main Sequence AO blue-white star, 1.7 Do and 15 Lo lying at a distance of 97 ly. 
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Bootes’ Giant Stars and their Companions 
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But its spectrum reveals it to be depleted in metals. The most likely explanation is 
that the star accreted from an interstellar cloud that was metal poor. This can 
happen when the cloud is composed of gas and dust particles that readily absorb 
metallic atoms, effectively removing them from the cloud. The metal-free gas 
coalesces to form the star while the resulting radiation pressure blows away the 
metal-rich dust particles. Stars with this composition - known as ) Bodtis type 
stars - are quite rare with only about 50 having so far been identified. 

pt BoGtis is a quadruple system some 121 ly from Earth. The primary, p“* Boo, 
is somewhat larger than the Sun at 1.4 Do and 2 Mo but is considerably more 
luminous at 21.3 Lo. It belongs to spectral class F1. Its closest companion is an 
A3 of 1.5 Mo in a 3.75 year long orbit. Some 4,000 AU away in a 125,000 year 
orbit is a pair of GO solar clones, p® and p© Boo, that also orbit each other at a 
distance of about 54 AU and with a period of 257 years. 

& BoOtis is one of only two naked eye BY Draconis rotating variables, the 
other being ¢ Hydri. It is also the 19th closest naked eye star at a distance of just 
21.9 ly. Its magnitude varies between m, +4.52 and m, +4.67 over a period of 10° 
3" 17™. € Boo is a dwarf G8 star a bit smaller than the Sun at 0.9 Do and not 
nearly as luminous at 0.49 Lo. It also has a companion, a my +6.78 K4 dwarf ina 
highly elliptical orbit that reaches out as far as 50.5 AU (1 AU farther than Pluto 
at its maximum distance from the Sun) but which also brings the two stars to 
within 16.4 AU - rather closer than Uranus is to the Sun. The orbital period is 
151.6 years. Such orbital arrangements tend to disrupt any debris cloud that may 
have remained from when the stars were formed, preventing the birth of planets. 
The system makes a fine pair in a small telescope or binocular, their contrasting 
colors having been variously described as ‘yellow and orange’, ‘yellow and 
reddish-violet’ and ‘orange and purple’. 

Another binary system is x Boétis though rather farther away at 317 ly. x * 
Boo is a 4.7 Do, 11,000 K white B9 which appears as a +4.89 magnitude star but 
which, at 10 pc, would brighten to M, -3.6. Its partner, n” Boo, is a 3,000 K cooler 
A6, but somewhat larger at 13 Do. With a visual magnitude of +5.82 it too would 
brighten at 10 pc to M, -2.7. 

p and o Bootis which appear close together on Bootes’ belt could easily be 
mistaken for another binary system - but nothing could be further from the 
truth. p Boo lies at a distance of 149 ly and is a 19 Do K3 heading towards us at 
13.7 km/s. o Boo is much closer at 50.4 ly and a dwarf F2, just 1.2 Do and 
traveling away from us at a barely detectable 0.2 km/s. 

t BoOtis is a similar distance, 50.9 ly, and is a binary system that also contains 
a planet. The +4.49 magnitude primary is an F6 star 1.4 solar diameters across 
and just over three times as luminous as the Sun. Apart from the Sun it is the 
only other star for which we have evidence of a magnetic field reversal. Its 
companion is an 11th magnitude M2 red dwarf which orbits at a distance of 
between 100 and 240 AU and with an orbital period of 750 to 2,600 years. In 
1997 a single planet believed to be at least 3.87 Jovian masses was discovered 
orbiting around the visible F7 star at a distance of just 0.05 AU (7.5 million km) 
taking 3.31 days to complete a single orbit. 


Bootes 79 


W Boodtis or, if you prefer its Flamsteed number, 34 Boo, is a semi-regular 
Type-b (SRb) pulsating red giant, a huge 130 Suns across - nearly as big as the 
orbit of Venus. Belonging to spectral class M3 it fluctuates between m, +4.73 and 
+5.4 over periods of 25, 33 and 450 days. Superimposed on these periods are 
further minor fluctuations of a few hundredths of a magnitude with 2, 4.5 and 
35.2 day periodicity. An altogether complex variable. 

44 Bootis, which is also known as © 1909 and HD 133640, is one of only a 
few naked eye stars to belong to the EW or W UMa eclipsing variables. 44 Boo isa 
complex triple star system with the primary bordering on the F9-GO spectral 
class. The EW element consists of 448 Boo and 44° Boo which orbit the primary 
star every 206 to 220 years during which they approach to within 22 AU (slightly 
more than the average distance of Uranus from the Sun) and sweep out to 75 AU. 
44® Boo is a dim, 0.54 Lo, G2 about 0.88 Do. Its kissing companion, 44° Boo, is 
also thought to be a G-class but somewhat smaller at about 0.66 Do and even less 
luminous. The two are just 0.008 AU (1.2 million km) apart and are severely 
distorted into merging teardrops. The whole system appears as a my, +4.76 star. 
The other naked eye EW variables include ¢ Coronae Australis and y Doradus. 


Caelum 


Constellation: Caelum Hemisphere: Southern 
Translation: The Chisel Area: 125 deg” 
Genitive: Caeli % of sky: 0.303% 
Abbreviation: Cae Size ranking: 81st 


Introduced in the 1763 by the French astronomer Nicolas Louis de Lacaille in his 
Coelum Australe Stelliferum the constellation consists of just four faint naked eye 
stars. 


a Caeli is the brightest and closest of this quartet of stars. At a distance of 65.7 ly 
the star is a +4.45 magnitude object about 50% larger than the Sun and 5.5 times 
more luminous. It is a yellowish-white F2 showing a hint of fluctuation in 
brightness and may, in fact, be a 6 Scuti-type variable. It is so poorly studied 
however, that its variability remains to be confirmed. What we do know though 
is that it has a m, +12.5 companion: a red dwarf of spectral class MO.5, less than 
half the diameter of the Sun and with a similarly low mass but prone to sudden 
brightening by a magnitude or more making it a UV Ceti variable. Its increase in 
magnitude is caused by flaring, the brightening taking only a few seconds to 
reach maximum before fading back to normal within an hour. It is thought that 
a Cae may be part of the Ursa Major Moving Group. 

At first glance B Caeli could easily be « Caeli’s twin. It is almost the same size - 
a Cae is 1.5 Do, B Cae is 1.6 Do - almost the same luminosity (5.45 and 5.98 Lo), 
almost the same spectral class (F2 and F3) but 24 ly apart (66 and 90 ly) and 
heading in opposite directions with « Cae slowly edging its way towards us at just 
0.6 km/s while B Cae is receding at 26.8 km/s. The big difference is the rotational 
velocity. « Cae spins at 40 km/s while B puts in a much higher 185 km/s causing 
it to bulge at the equator. 

y' Caeli is the largest star in the constellation at 13 Do and about 185 ly away. 
y’” Caeli, which is sometimes called X Caeli, is believed to be 334 ly away, is an 
F1 dwarf, 1.8 Do and with a magnitude of my +6.28 is too faint for most people 
to see except under very clear, very dark skies. The two stars are not related. 

Marking the furthest limit of Caelum at 711 ly, give or take 10%, is 5 Caeli, a 
hot 15,000 K bluish-white sub-giant, 3.9 Do across 2,600 times more luminous 
than the Sun. Its visual magnitude is a faint my +5.05 which would increase to 
M, -1.7 at 10 pc, rivaling Sirius. In 25,000 years from now 6 Cae will be the only 
star to remain in the constellation, barely moving from its current location while 
the others will have migrated into neighboring constellations. 
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Camelopardalis 


Constellation: Camelopardalis Hemisphere: Northern 
Translation: The Giraffe Area: 757 deg” 
Genitive: Camelopardalis % of sky: 1.835% 
Abbreviation: Cam Size ranking: 18th 


Although the Northern Celestial Hemisphere contains some magnificent stellar 
sights the region between Auriga and Ursa Minor is not one of them, being 
almost devoid of any bright stars. In his work Usus Astronomicus Planispheerium 
Argentinee, published in 1624, Jacob Bartsch created the image of a giraffe in this 
region, a rather unusual choice for such a northern constellation. There is some 
evidence that Petrus Plancius may have earlier suggested the figure. Most 
modern day writers make only a passing comment on this large but faint group 
of stars yet, as we shall see, it is full of surprises. 


a Camelopardalis is not actually the brightest star in the constellation. At my 
+4.29 it is beaten into second place by B Cam which comes in at m, +4.03. « 
Cam, however, is hiding its light under a bushel or to be more accurate, behind 
a dust cloud without which it would be a full magnitude brighter. And it does 
not stop there. At an estimated 6,940 ly away « Cam marks the outermost limit 
of the constellation. Bring it to within 10 pc and it would glow as a 
magnificent M, -6.2. It is quite a rare star: an O9 - actually an 09.5 so almost a 
BO - of which less than a dozen are visible to the naked eye. It is big, some 52 Do 
across and immensely luminous at a staggering 1.8 million L. making it one of 
the most luminous naked eye stars in the entire sky. With an estimated mass of 
61 Mo its lifespan is less than half a million years. Its temperature is 29,300 K. 

Not to be outshone B Camelopardalis also has a story to tell. Just 40 million 
years old it is a mere infant in the celestial nursery it calls home, almost 1,000 ly 
from Earth. It is a yellowish-white G1 supergiant, twice as big as « Cam, and has 
an absolute magnitude similar to Venus, M, -4.50 although we see it as a dim my 
+4.03. In 1967 it was observed to suddenly flare, which was a bonus for the 
astronomers who were actually observing a meteor shower. At a distance of 
25,000 AU a pair of stars pirouette their way around B Cam taking more than a 
million years to complete an orbit. Very little is known about the pair other than 
one is an A-class and the other a suspected F-class. 

y Camelopardalis is an unremarkable Main Sequence white dwarf - if a star 
can ever be regarded as being ‘unremarkable’. It is more than twice as big as the 
Sun, 123 times more luminous and is 335 ly away. 

After y Cam there is - nothing! Well at least as far as Johann Bayer was 
concerned because he found the constellation so boring he only assigned Greek 
letters to just three stars. Which is a pity because BE Camelopardalis, with a 
diameter of 314 Do is one of the largest red giants in the sky. Almost as far away 
as B Cam this enormous star is as wide as the orbit of Mars and could swallow up 
31 million Suns. It is also an Lc class pulsating variable, one of just a dozen visible 
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Camelopardalis' Giant and Supergiant Stars 
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without optical aid. Its magnitude varies between my +4.35 and m, +4.48 with 
no discernable period. 

Camelopardalis contains a real gem. At 520 ly the 133 solar diameter 
BD Camelopardalis belongs to the rare S-type spectral group. Often called 
zirconium stars because of the presence of zirconium oxide in their spectral 
signature, S-class stars are cool, very red giants. BD Cam is an S4 with a 
temperature of around 2,500 K and is one of only two naked eye S-type stars, the 
other being o' Orionis. It has a magnitude of m, +5.04. Like BE Cam it is a long 
period variable. 

BD Cam is a good finder star for what has come to be known as Kemble’s 
Cascade. Moving eastwards you will find HD 23089, m, +4.8, and HD 23523, 
m, +5.85, and then “...a beautiful cascade of faint stars tumbling from the 
north-east down to the open cluster NGC 1502”, as Fr. Lucian Kemble, a 
Franciscan friar and amateur astronomer described it in a letter to Walter Scott 
Houston, the great popularizer of astronomy who wrote the Deep-Sky Wonders 
column for Sky & Telescope for nearly 50 years. The table below includes details of 
Kemble’s Cascade. 

The 9.4 Do BK Camelopardalis is a bluish B2.5 giant with a surface 
temperature of around 22,000 K. Some 633 times more luminous than the Sun it 
lies at a distance of between 700 and 900 ly and is a y Cas eruptive variable 
changing in brightness by a 10th of a magnitude between m, +4.78 and my 
+4.89. 

VZ Camelopardalis is another red supergiant of 291 Do across and a 
pulsating variable. Over a period of 234 16" 48™ its magnitude changes between 
my, +4.80 and m, +4.96. 

= 1694<A is an Al, 8,500 K bluish-white giant that spins on its axis at 275 km/s. 
As it is 20 Do across it takes just 3.7 days to spin once, the high rotational rate 
causing the poles to be drawn in and the equator to bulge. 

The title of brightest star in the constellation is shared between 2385 and 
CE Cam. Although they both appear faint at m, +4.20 and m, +4.60 
respectively, at 10 pc they would brighten to My, -7.1 both being highly 
luminous bluish-white supergiants. 

The smallest star is the 1.1 Do HD 46588, a yellowish-white F7 dwarf which, 
at 58.2 ly, is also the closest star to us in the constellation. 

31 Camelopardalis (also known as TU Cam) is another variable, this time 
of the EB eclipsing binary type. A fast spinning, 76 km/s, A2 at more than 400 ly 
its range is between my, +5.12 and +5.29 with a period of 24 22" 23™ 52°. It is a 
spectroscopic binary system. 

Despite being a bright open cluster Stock 23 almost disappeared from the 
history books. The cluster was discovered by the German astronomer Jtirgen 
Stock in 1956/57 but because it was so bright he assumed it had already been 
discovered and did not investigate it further. Then in 1977 an amateur 
astronomer, John Pazmino, observing from New Jersey rediscovered the cluster 
and it has since become known as Pazmino’s Cluster. In fact it would appear not 
to be a true gravitationally bound cluster but an asterism. 
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Kemble’s Cascade listed from NW to SE 


Star my ly RA Dec 
HD 23649 +7.92 ? 03" 50™ 395 +63° 42’ 26” 
TYC 4067-120-1 +9.37 ? 03" 51™ 425 +63° 36’ 30” 
HD 23871 +8.92 ? 05" 52™ 158 +63° 29’ 06” 
HD 23982 +8.07 1,708 03" 53™ 138 +63° 29’ 00” 
HD 24065 +7.90 ? 03" 53™ 46° +63° 23’ 24” 
HD 24116 +8.52 ? 03" 54™ 16° +63° 19’ 04” 
TYC 4067-1150-1 +8.28 1,117 03" 56™ 075 +63° 13’ 46” 
TYC 4067-206-1 +8.69 324 03" 55™ 58° +63° 08’ 23” 
H Cam +5.03 338 03" 55™ 265 +63° 04’ 20” 
TYC 4067-939-1 +8.74 ? 03" 56™ 30° +63° 02’ 41” 
HD 24514 +7.97 317 03" 57™ 40° +62° 46’ 39” 
TYC 4068-1253-1 +8.97 ? 04" 00™ 10° +62° 46’ 00” 
HD 24895 +8.47 ? 04" 017 145 +62° 38’ 18” 
TYC 4068-1064-1 +8.45 4,236 04" 01™ 585 +62° 30’ 51” 
HD 25090 +7.35 1,463 04" 22™ 558 +62° 25' 17” 
HD 25290 +7.69 ? 04" 04™ 535 +62° 19’ 20” 
HD 25443 +6.77 2,249 04" 06™ 08° +62° 06’ 07” 
Open clusters in Camelopardalis 
Name Size Size Distance Age Brightest No. stars Apparent 
arcmin ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 1502 100’ 78.6 2,700 11 HD 25443 108 +5.7 
my +6.74 
Stock 23 20' 7.2 1,240 32 HD 20134 26 +6.5 
my +7.47 


*May not be a cluster member. 


Cancer 


Constellation: Cancer Hemisphere: Northern 
Translation: The Crab Area: 506 deg” 
Genitive: Cancri % of sky: 1.227% 
Abbreviation: Cnc Size ranking: 31st 


Sandwiched between the brilliant twins of Gemini and the unmistakable Leo this 
Zodiacal constellation of faint stars is easy to miss. It represents a crab sent by the 
goddess Hera to distract Hercules in his battle with Hydra. The crab nipped 
Hercules’ toe but was immediately crushed underfoot and subsequently placed in 
the heavens. The Sun passes through Cancer between the 20th July and the 10th 
August. 


Sometimes known by its proper name of Acubens, ‘the claw’, « Cancri is a triple 
star system 174 ly away. The primary component is a 1.8 Do bluish-white AS of 
2.1 Mo and m, +4.25. It is known to have a companion which is believed to be 
1.2 Mo and ofa slightly later spectral class, perhaps an A7 or A8. The two are ina 
6.75 year orbit. The third star is probably an M-class red dwarf of 0.38 Mo and 
averaging 600 AU leading to an orbital period of around 7,700 years. « Cnc is 
considered to be a chemically peculiar star. The presence of a twin places a drag 
on the star causing it to rotate more slowly than normally for A-class stars. As a 
result there is less turbulence within the star and so elements like zirconium, 
strontium and barium separate out and pool near the surface. 

At magnitude my, +3.52 B Cancri or Altarf is actually the brightest star in the 
constellation (a Cnc is the 4th brightest). A giant K4, 48 times as big as the Sun it 
is more than 660 times as luminous and is 290 ly away. Rotating at 17 km/s it 
would take 143 days to complete just one revolution. It appears to have a red 
dwarf 14th magnitude companion at a distance of no less than 2,600 AU 
resulting in an orbital period of at least 75,000 years. 

We previously came across three donkeys in Bootes - Asellus Primus, Asellus 
Secundus and Ascellus Tertius. Cancer has a further two of which y Cancri is 
Asellus Borealis - the ‘Northern Donkey’. An estimated 159 ly from Earth it is an 
Al moderately fast spinner, believed to be in the order of 80 km/s. As the star is 
just 1.8 Do across it therefore spins once on its axis in 27.3 hours. 

Asellus Australis, the ‘Southern Donkey’, is the star 6 Cancri which is no 
relation to y Cnc. It belongs to spectral class KO, is 11 Do across and lies at a 
distance of 136 ly. Eratosthenes (c. 276-196 BC), the Greek geographer and 
astronomer who was the first person to measure the circumference of the Earth, 
recorded that the two donkeys were rode into battle by the gods Dionysus and 
Silenus against the Titans. The animals made so much noise braying that they 
frightened the Titans and the gods won. As a reward the donkeys were placed in 
the heavens. 

¢ Cancri is a quadruple or possibly a five star system. C“ Cancri which, at m, 
+5.25, is the only one of the four that can just be seen without optical aid is a 
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yellowish-white F8, 2.3 Do and 1.18 Mo. At a distance that varies between 15 
and 29 AU orbits ¢* Cancri, a GO and about one solar diameter smaller. The 
orbital period is 59.6 years. C© Cancri is similarly a GO with a mass of slightly less 
than one Sun. It is in a 17.3 year orbit with C? Cancri which could be a 0.92 Mo 
white dwarf or possible a pair of identical M2 red dwarfs of 0.46 Mo each. The AB 
pair are in a 1,115 year long orbit with the CD pair (or should that be the CD*D? 
triple?) during which the separation varies between 150 and 244 AU. 

i Cancri is a wide double, the two stars appearing 30.6” apart in the sky. In 
reality they are separated by 2,800 AU resulting in an orbital period of 65,000 
years. The brighter star, 1“ Cancri, is a +4.02 magnitude yellow G8 but much 
larger than the Sun at 20 Do. Its partner is a 7th magnitude A3 Main Sequence 
white dwarf of 1.7 Do. The system lies at a distance of 298 ly and is believed to be 
only 260 million years old. 

Normally too faint to be included in this book 55 Cancri - otherwise known 
as p’ Cancri - is a G8 yellow dwarf, about 1.15 Do across but only 0.57 Lo and 
shines at my, +5.95. It has a companion, a 13th magnitude M6 red dwarf about 
0.27 Do. The red dwarf orbits at least 1,000 AU from the primary and takes a 
minimum of 30,000 years to complete one single orbit. This is important because 
55 Cnc also has its own planetary system. In a more compact binary system the 
gravitational forces between the two stars could inhibit the formation of planets. 
Consisting of at least five planets the closest to 55 Cnc has a mass of just 3.4% 
that of Jupiter, or 11 Earth masses, and lies 0.038 AU (5.7 million km) from the 
star. With an orbital velocity of 165 km/s - nearly 600,000 km/h - planet 55 
Cancri e takes just 2.82 days to complete one orbit. It is likely to be a terrestrial 
type rocky planet. The largest of the five planets is 55 Cancri d with a minimum 
mass of 3.8 My and orbiting at a distance of 5.9 AU, a slightly larger orbit than 
Jupiter. Its year is 14.2 Earth years long. The table below lists details for all the 
planets. 

Despite counting among their ranks some of the most intelligent people in the 
world, when relied upon to develop a cataloging system astronomers fail 
miserably. 55 Cancri is a case in point. Binary and multiple star systems tend to 
be cataloged in one of three different ways. Suppose the o star in the hypothetical 
constellation Con is a binary, then it will usually be listed as: 


a! Con and «” Con, or 
o Con and «® Con, or 
a Con A and a Con B 


55 Cancri is sometimes referred to as 55 Cnc A and 55 Cnc B, but then along 
came its planetary system and we suddenly have a planet listed as 55 Cnc b - you 
can no doubt see the scope for confusion. 

In the early years of extrasolar planetary discovery the naming system was a 
right mess. Some planets were named after the proper name of the star, such as 
Fomalhaut b, others were named after the Bayer or Flamsteed systems (e.g. v And 
b and 47 UMa b) and some were given their Harvard Revised (HR) or Henry 
Draper (HD) catalog numbers. So what should perhaps have been called 1 Hor b 
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Cancer 
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became HR 810 b. Other catalog numbers were used, such as Bonner 
Durchmusterung (BD), and today we have stars and planets named after 
planet-hunting projects, so we find CoRoTs, HATs, Keplers, MOAs, OGLEs, TrESs, 
WASPs and XOs. There is certainly merit in naming stars and planets after such 
projects as success in this area can lever in much needed funds, but the 
cataloging system for the rest has been haphazard. And it is not just planets that 
have been poorly cataloged: comets, asteroids and meteorites have all been 
subject to a confusing mix of naming regimes. 

To the naked eye it looks little more than a gray smudge on the celestial 
canvas but when Galileo turned his primitive telescope towards this tiny region 
in the middle of Cancer he could clearly make out many individual stars. Today 
we know that there are at least 350 stars and perhaps as many as 1,000 in this 
open cluster that is popularly known as the Beehive and Praesepe and which 
Charles Messier cataloged as M44 (or if you prefer something a little more 
modern, NGC 2632). It is estimated to be about 730 million years old, which 
means it is of a similar age to the Hyades open cluster in Taurus and a common 
origin is at least feasible. Information on individual stars within M44 is patchy 
but the cluster appears to be 16 ly across. 


Planetary systems in Cancer 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


p' Cnc 01.15 G8 42.5 +5.95 55 Cancrib 0.82 M, 0.113 0.117 14.7d 
55 Cancric 0.17 M, 0.22 0.26 44.3d 
55 Cancrid 380M, 5.63 5.91 14.2d 
55 Cancrie 0.03 M, 0.035 0.041 2.82d 
55 Cancrif 0.14.M, 0.63 0.84 260d 


Open clusters in Cancer 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M44 95’ 16 577 730 e Cnc 330 +3.7 
(NGC 2632) my +6.30 
M67 30’ 25.7. 2,950 3,200 HD 75156 150 +6.1 
(NGC 2682) my +6.68 


*May not be a cluster member. 


Canes Venatici 


Constellation: Canes Venatici Hemisphere: Northern 
Translation: The Hunting Dogs Area: 465 deg” 
Genitive: Canum Venaticorum % of sky: 1.127% 
Abbreviation: CVn Size ranking: 38th 


Originally part of Ursa Major, Johannes Hevelius created the Hunting Dogs as a 
separate constellation in 1687 in his Prodromus Atronomie as Chara and Asterion, 
the mythical hounds of the herdsman Bo6otes. 


The a! and a” Canum Venaticorum binary system lies at a distance of 110 ly. 
a’ CVn is a yellowish-white FO dwarf of 1.5 Do and 3.2 Lo and has a visual 
magnitude of my, +5.49. Its companion, x” CVn, is a much brighter star at my 
+2.84 and altogether more interesting. Around 2.6 Deo and 83 times more 
luminous than the Sun this white AO dwarf is the prototype for «” CV rotating 
variables. Sometimes known by it proper name of Cor Caroli (meaning the 
‘King’s Heart’ in honour of the executed King Charles I of England), «” CVn 
fluctuates in brightness between m, +2.84 and +2.98 with a period of 57 11" 16™. 
It is believed that its variability is caused by the star’s immensely strong magnetic 
field, 1,500 times more intense than the Sun’s, which may cause vast pools of 
elements like mercury and silicon to form in the upper layers of the star 
producing a surface with a blotchy appearance. As the star spins on its axis the 
dark blotches come into view and the star appears to darken. The two stars are 
separated by about 650 AU and take more than 8,000 years to complete one 
orbit. They represent the hound Asterion. 

The other dog, Chara, is marked by B Canum Venaticorum, a solar analog 
GO star, the same size and mass as the Sun but a little more luminous at 1.13 Lo 
and the closest star in the constellation at just 27 ly. There is some dispute over 
its age. It spins at 3 km/s; 50% faster than the Sun and so turns once on its axis in 
about 16 days, which would suggest it is somewhat younger than the Sun. But 
Sun-like stars tend to become brighter with age so the higher luminosity would 
indicate a slightly older star. 

For most of the time Y Canum Venaticorum is an impossible to see faint 
star, dipping down to 10th magnitude, but every 157 days it can brighten to my 
+4.99 though often only attains m, +5.30. Yet despite its faintness it is worth 
looking out for because it is one of the reddest stars in the sky. At 711 ly it is the 
farthest star we are going to consider in this constellation. It is also the largest at 
277 Do which, put into context, means its diameter is midway between the orbit 
of Earth and the orbit of Mars. Given the name of La Superba by Fr. Angelo Secchi 
in the 19th Century it belongs to that rare spectral class C7 indicating it is richer 
in carbon than in oxygen, which is odd for a red supergiant. La Superba is dying. 
It is losing mass at a rate of a million times faster than the Sun and is now 
surrounded by a vast dust shell 2.5 ly in diameter. Its upper layers are enriched in 
carbon by-products that filter out any light from the blue end of the spectrum 
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that may be produced deeper within the star. In the not too distant future, on a 
cosmic timescale, it will shed its outer atmosphere to form a new planetary 
nebula and a vanishing white dwarf. 

RS Canum Venaticorum is also well beyond naked eye visibility at m, +8.2 
to +9.3 but we will consider it here because it is the prototype of the RS CVn 
variable stars of which there are about ten that can be seen without optical aid. 
RS CVn is actually a binary system consisting of an F6 and a G8 subgiant. 
Although the G8 star is more than twice as big it tends to radiate much of its 
energy in the infrared so it is the F6 star that appears the brightest of the two. As 
with all variables of this type it is a close binary, the two stars being tidally locked 
together so that their axial spin periods are equal to their orbital period. This 
makes the F6 component a fast spinner and prone to massive starspot activity. 
The theory is that its spin produces a dynamo effect that converts rotational 
energy into magnetic energy resulting in starspot activity that can cover as much 
as 20% of the star’s surface. Compare this to the Sun’s coverage that amounts to, 
at most, only a few percent. RS CVn stars are also known to flare. This 
combination of size, different magnitudes, giant starspots and huge flares 
produces a complex variability. As the two stars eclipse one another there is first 
a brief decrease in magnitude of about my, 0.5 as the brightest star is eclipsed and 
then, 24% days later, the magnitude again drops by about my, 0.1 as the dimmer 
star is eclipsed. The presence of giant starspots on the F6 star will cause it to dim 
further while the occasional flare will make the whole system appear brighter. RS 
CVn lies at a distance of some 350 ly. 

By a strange coincidence, Canum has two RS CVn variables. The other is 
BH Canum Venaticorum, a similar combination: a 2.3 Deg F2 with a 6 De KO 
but much closer at 145 ly. The magnitude varies between my, +4.94 and +5.01 
with a period of 24 14" 43™. 

AO Canum Venaticorum is another variable, this one of the 6 Sct variety. 
Yellowish-white it oscillates between my +4.70 and +4.75 with a period of 24 55™. 


Globular cluster in Canes Venatici 


Name Size Size Distance Age Apparent 
arc min ly ly million magnitude 
yrs my 
M3 9’ 90 33,900 8,000 +6.2 


(NGC 5272) 


Canis Major 


Constellation: Canis Major Hemisphere: Southern 
Translation: The Greater Dog Area: 380 deg” 
Genitive: Canis Majoris % of sky: 0.921% 
Abbreviation: CMa Size ranking: 43rd 


Canis Major depicts one of the two dogs belonging to Orion. It was one of 
Ptolemy’s 48 constellations and contains the brightest star in the night sky, 
Sirius. 


The brightest and arguably the most famous of all stars, there is nothing 
particularly unusual about « Canis Majoris or, to give it its more popular name, 
Sirius. It is a typical Main Sequence A1 white dwarf of 1.8 Do and 26 Lo. It appears 
very white when high in the sky, but when observed near the horizon it can flash 
different colors due to air turbulence. The reason it is so bright, at my -1.46, is 
mainly because it is only 8.6 ly away, making it the second closest star after the « 
Centauri system. If it were placed at 10 pc it would barely make M, +1.41. Often 
called the Dog Star (although Sirius actually means ‘sparkling’) it is accompanied 
by an 8th magnitude white dwarf, Sirius B (nicknamed ‘The Pup’), of spectral 
type DA2. Sirius B has a mass almost equal to that of the Sun, 0.978 Mo, but is a 
tiny 0.0084 Ds making it a good 1,000 km smaller than Earth. Nevertheless, its 
temperature is a whopping 25,600 K - more than four times hotter than the visible 
surface of the Sun. The two stars are in an orbit that brings then to within 8.1 AU 
of one another before they separate to 31.5 AU, the orbital period being 50.1 years. 
Sirius B was probably, at one stage in its history, an early B-class star of up to 5 Do, 
100 Mo and 1,000 Lo making it considerably more luminous than Sirius itself. It 
spent the first 100 million years as a Main Sequence star before swelling to a red 
giant for about 25 million years and then, some 124 million years ago, evolved 
into a white dwarf. The system is so close that its proper motion across the sky is 
significant. In 25,000 years the stars will be in Fornax. 

a CMa may be part of the Sirius Supercluster, about 100 stars that all have 
similar characteristics (e.g. spectrum, size, direction, etc). The stars in the 
supercluster are all aged about 225 to 250 million years, are generally less than 
2 Do and lie within 500 ly of Earth with most being 180 to 280 ly away. 

Side by side B Canis Majoris or Mirzam is a far more impressive star than 
Sirius. It is larger (9 Do), it is hotter (25,800 K compared to 8,500 K) and it is 
considerably more luminous at 3,155 Lo. It is also much farther away at about 
500 ly which is why it shines in our sky at a modest 2nd magnitude. But at 10 pc 
it would rival Venus at M, -4.8. In fact the constellation is full of very luminous 
stars some of which will be part of the Collinder 121 open cluster (see below). 6 
CMa is also the brightest B Cepheid variable which, just to confuse matters, are 
also known as B CMa variables. The variability is caused by the star pulsating 
with maximum brightness occurring during contraction of the star. In reality the 
pattern of pulsations is complex with the greatest magnitude swinging from m, 
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+1.93 to +2.00 having a period of 6" but set against a background of almost 
imperceptible changes in brightness. 

y Canis Majoris or Muliphen presents us with a bit of a mystery. While 
compiling his Uranometria star atlas Johann Bayer called the brightest star «, the 
second brightest B and so on. Occasionally he got it wrong, particularly where 
two stars had very similar magnitudes, but with y CMa he got it badly wrong. 
Following Bayer’s system it should be the third brightest star in the constellation, 
but it isn’t. Nor is it the fourth. Or the fifth. In fact it is the 14th brightest! It 
could be that he just overlooked it. Or it could be something else. There is a 
report that the star actually disappeared between 1670 and 1693. Ancient 
chronicles are awash with stellar enigmas, most of them little more than fantasy, 
but this one may have some substance to it. y CMa is known to have high levels 
of manganese and mercury in its near-surface regions, rather like « Andromedae 
which is classed as an « CV variable because of the effects which the mercury 
clouds have on its brightness. Could it be that y CMa also darkened so much in 
the past that it dipped below naked eye magnitude? Was it actually the third 
brightest star in the constellation in Bayer’s time, then faded significantly, and 
never fully recovered to its former glory? We simply do not know. 

5 Canis Majoris or Wezea is a supernova just waiting to happen. At 365 Do - 
3.4 AU across - it has a luminosity of more than 45,000 Suns. It is one of a trio of 
stars within the constellation that would reach an impressive absolute magnitude 
of M, -7, the others being n and t. A yellowish F8 it is less than 10 million years old 
but is already depleted in hydrogen. Within the next 100 millennia it will swell to 
a red supergiant while its core collapse will instigate helium fusion. Eventually the 
core will explode seeding interstellar space with iron and other heavy elements 
that stars like the Sun are just not powerful enough to synthesize. 

About 4.5 million years ago ¢ Canis Major was the brightest star in the night 
sky with a magnitude of m, -4.4, comparable to Venus. The reason it is no longer 
so is that it is traveling directly away from us and at that time it would have been 
at most 21 ly distant. At 22,000 K this brilliant white B2 star is almost four times 
the temperature of the Sun but more than 3,500 times as luminous. It is 
calculated to be 11 Do across and is currently 431 ly from Earth. With a visual 
magnitude of m, +1.51 it is the second brightest star in Canis Major, not the 5th 
as the designation suggests. It has an 8th magnitude companion at an orbital 
distance of at least 900 AU resulting in a 7,500 year long period. 

7 Canis Majoris along with t Canis Majoris mark the outposts of the 
constellation, the two being an equal 3,198 ly, or at least as equal as we can tell. 
Forty-three times as large as the Sun n CMa appears to be surrounded by a dust 
shell, an indication that we are looking at a star that has shed a significant 
amount of its mass and is in its dying throes. Like 6 CMa it is likely to end its life 
as a supernova. 

Believed to be the 9th fastest naked eye star in the sky of those heading away 
from us is 6 Canis Majoris. Apart from its incredible speed of 97.3 km/s it is an 
otherwise normal K4 orange giant of 37 Do. It rotates at about the same speed as 
the Sun leading to rotational period of 892 days (2.4 years). 
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Canis Major's Giant and Supergiant Stars 
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Like B CMa, 1 Canis Majoris is also a B Cepheid. A B3 giant almost at the edge 
of the constellation at 3,077 ly its magnitude changes between m, +4.36 and 
+4.40 with a period of 1" 55™ making it one of the faster pulsators in its class. It is 
also one of the largest at 25 Do. FN Canis Majoris is another large B Cepheid at 
13 Do. Some 85% of the naked eye B Cepheids are less than 5 Do. 

You may think that « and } Canis Majoris are related. They are in more or 
less the same patch of sky and are both blue with not a huge difference in 
magnitude, my, +3.78 and +4.45 respectively. However, « CMa is about twice the 
distance of 4 CMa and is travelling more slowly at 14 km/s compared to 41 km/s 
so a common origin is unlikely. They are also quite different in size with « 
measuring perhaps 6.5 x 8.3 Deo because of its high rotational velocity of 210 km/s, 
while 4 is a more modest 1.1 x 1.5 Do. « CMa is a y Cassiopeiae eruptive variable, 
one of many, which jumps between my, +3.78 and +3.97 over no set period. 

Canis Major harbors a number of accidental associations. You could be 
forgiven for thinking that v? and v? Canis Majoris are part of a wide binary 
system. They are both early K-class stars of about the same magnitude but 
actually separated in space by 400 ly, as the cosmic crow flies. Similarly, although 
1 and &? Canis Majoris are close neighbors on the celestial sphere there is more 
than 1,600 ly between them. And there is about 600 ly of space between o7 and 
o” Canis Majoris. 0! CMa is a K2.5 with an impressive diameter of 530 Suns. It 
is also an Lc (large supergiant) pulsating variable, its magnitude ranging from my, 
+3.78 to +3.99. o” on the other hand is an enormous 710 Do B3 making it one of 
the largest stars in the constellation. Translated into Solar System language, if the 
Sun was replaced by 0’ CMa it would swallow up Mars and everything up to the 
Asteroid Belt. 0” CMa would reach out to 3.3 AU, towards the farthest edge of the 
Belt. 

Another Lc variable is co Canis Majoris. Although not quite as big as o' CMa 
its 420 Do still covers a full 4 AU. It belongs to the M spectral group (M1.5) and 
lies at a distance of 1,217 ly. 

At about 3,200 ly t Canis Majoris appears as a m, +4.40 bluish-white star but 
it is deceptive. An O9 supergiant, 75 Do across, it has a luminosity in excess of 
13,500 Suns and at 10 pc would easily attain M, -7. But it is remarkable for a 
couple of other reasons. First it is a complex but unstable five star system. 
Second, all the stars seem to be part of a larger open cluster that contains about 
40 members and which is known as NGC 2362. All the members of this cluster 
are either O or B class and very young, probably less than 1 million years old. 
Despite this the cluster appears to be devoid of any nebulosity. 

FT Canis Majoris - also called 10 CMa and HD 48917 - is a luminous y Cas 
eruptive variable at 4,197 Lo. It is, however, relatively small at 2.3 Do and lies at 
a distance of more than 2,600 ly so we see it as a faint star fluctuating between my 
+5.13 and +5.44. 

VY Canis Majoris is possibly the largest star in our visible Galaxy. An M3 to 
MS red hypergiant this 10th magnitude star is estimated to be between 1,800 and 
2,100 Do. That works out at 16.7 to 19.5 AU across (Saturn’s orbit is 19 AU in 
diameter). It is at least 200,000 times more luminous than the Sun and could be 
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as much as 560,000 L.. but its mass is put at just 15 to 25 Mo. It is estimated to be 
4,900 ly away. 

Collinder 121 is an open star cluster that may, or may not include y, 6, t's n, 
to! and 0% CMa. Most of the stars in the cluster are B class, occasionally A class, 
with a few K and M. 


Open clusters in Canis Major 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
Collinder 121 80’ 36 1,550 280 5 CMa 47 +4.5 
my +1.84 
Collinder 140 42’ 16 1,300 35 HD 58535 75 +3.5 
my +5.34 
M 41 38’ 25 2,250 240 HD 49091 129 +4.5 
(NGC 2287) my +6.89 
NGC 2345 12’ 26 7,350 70 HD 54411 10 +7.7 
my +9.16 
NGC 2354 18’ 17 13,300 135 DM -25° 4236 36 +6.5 
my +9.76 
NGC 2360 20’ 36 6,200 560 HD 56847 51 +7.2 
my +8.96 
NGC 2362 39’ 51 4,500 8 t CMa 57 +4.1 
my +4.40 
NGC 2367 13’ 25 6,500 5.5 HD 57370 12 +7.9 
my +8.74 
NGC 2374 10’ 14 4,800 290 TYC 5407-41-1 15 +8.0 
my, +10.65 
NGC 2384 15’ 30 6,900 8 HD 58509 28 +7.4 
my +8.57 


*May not be a cluster member. 


Canis Minor 


Constellation: Canis Minor Hemisphere: Equatorial 
Translation: The Lesser Dog Area: 183 deg” 
Genitive: Canis Minoris % of sky: 0.444% 
Abbreviation: CMi Size ranking: 71st 


Canis Minor depicts the smaller of the two hunting dogs belonging to Orion. 


The seventh brightest star in the night sky « Canis Minoris, aka Procyon, is only 
11.4 ly away. A yellowish-white F5 it is 2.0 Do and 6.5 Lo. Although it has a visual 
magnitude of m, +0.38 this drops to just My +2.64 at 10 pc. As the star rises before 
Sirius the Greeks called it Pro Tu Kynos meaning ‘Before the Great Dog’ and the 
current spelling is simply a corruption. Perhaps the most interesting thing about 
the star is that it is a binary. Its companion, Procyon B, at m, +10.82 is almost 
impossible to see in the glare of the primary. A white dwarf of spectral class DA it 
orbits Procyon A with a period of 40.82 years, coming as close as 8.9 AU - a little 
closer than Saturn is to the Sun — before heading out to 21 AU — a little farther than 
Uranus. It is a typical white dwarf: 1.35 De but a paltry 0.00049 Lo. Even so it is 
still massive with a cubic centimeter weighing in at 300 kg! Eventually Procyon A 
will follow its tiny neighbor’s evolutionary path and also finish its cosmic life as a 
white dwarf. 

Rather larger than Procyon at 3.9 Do B Canis Minoris, or Gomeisa, is a Main 
Sequence B8 dwarf with a surface temperature of around 12,000 K. It is a y Cas 
rotating variable with a magnitude swing of m, +2.84 to +2.92. Like most B-class 
stars it is a fast spinner, rotating at a speed of at least 230 km/s which means it 
will revolve once in 20.6 hours. Gomeisa is enveloped in a thin dusty nebula. 

5* and n Canis Minoris could easily be mistaken for twins at a first glance. 
They are both Main Sequence pale yellow FO dwarfs of almost identical 
magnitude. 5' at 11 Dg is significantly larger than n though which comes in 
at 1.9 Do and more than twice the distance at 788 ly. However, 8’ CMi is 
considerably more luminous at 379 Lo compared to 76.2 Lo. It is also the faster 
spinner at 61 km/s taking 9.1 days to complete a revolution while n CMi spins 
once in 1.5 days with a rotational velocity of 54 km/s. While 5! is a lone star - 5? 
and 8° are unrelated and faint - y CMi has a companion in an orbit of at least 440 
AU and with a period of more than 5,000 years. 

y Canis Minoris looks like an ordinary run-of-the-mill K3 giant - one of 
countless others - but its 25 Do hides a companion (probably also a K-class) 
which is just 2 Do smaller. 

¢ Canis Minoris is almost the smallest star in the constellation. Perhaps not 
surprisingly it is another B8 but only 90% the size of the Sun and with a relatively 
slow rotational velocity of 45 km/s (the average for all B8 types is 151 km/s). 

The 5th magnitude ¢ Canis Minoris lies at the farthest boundary of the 
constellation, at least 988 ly away and possibly as far as 1,196 ly. Although it 
belongs to the same spectral class as the Sun, G6.5, it is a giant at 13 solar 
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diameters and considerably more luminous by a factor of 750. Whereas the Sun 
has a life expectancy of 10,000 million years « CMi will die after just 1,000 
million years. In the cosmic longevity stakes, small is good. 

One of the largest stars in the constellation is the K1 giant simply known as 6 
Canis Minoris. It wades in at 18 Do or 25 million km. It rotates slightly slower 
than the Sun at 1.7 km/s (Sun = 2 km/s) and so takes 1.5 years to complete a 
single rotation. 

Luyten’s Star (aka HIP 36208) is named after Willem Jacob Luyten (1899- 
1994) who discovered the star has a high proper motion rushing across the sky at 
3.738” per year. It is an M3.5 red dwarf, just 0.11 Do, 0.257 Me and 0.0004 Lo. It 
is currently 12.41 ly from Earth but reaches only a dim my, +9.85. It wobbles, 
suggesting it has a companion, but thus far nothing has been found. For some 
strange reason - probably because of a web encyclopedia - many writers put this 
star in Monoceros. 


Capricornus 


Constellation: Capricornus Hemisphere: Southern 
Translation: The Sea Goat Area: 414 deg” 
Genitive: Capricorni % of sky: 1.004% 
Abbreviation: Cap Size ranking: 40th 


The smallest of the Zodiacal constellations, the Sun passes through Capriconus 
between 19 January and 16 February. 


With about 3,000 stars clearly visible to the naked eye it should not be surprising 
that coincidences abound. The two « stars of Capricornus are a typical example. 
a Capricorni is a yellow G3 with a visual magnitude of m, +4.23. Just 6.3’ away 
«” Capricorni is also a G-class but more of a yellowish-orange G8.5 and about 
half a mag brighter at m, +3.57. It would be natural to assume they are related 
but it is simply not the case. «' lies at a distance of 687 ly whereas «” is much 
closer at 109 ly. They are also vastly different in size. «” is a 12 Do giant which is 
34 times more luminous than the Sun and drifting away from us at a leisurely 
0.7 km/s. a! is a 130 Do 730 Lo supergiant galloping towards us, if indeed sea 
goats do gallop, at a steady 26 km/s. 

B Capricorni is also known as Dabih which translates into ‘The Lucky One of 
the Slaughterers’ and conjures up a vision of a goat escaping a gruesome end 
although, in truth, the real meaning is lost in time. B Cap itself appears to be a 
complex 5-star system with the possibility of there being more components. The 
star visible to the naked eye is a KO giant, 35 Do across and some 344 ly distant. 
Its spectrum suggests the presence of a B8 companion in orbit 4 AU away with a 
period of 1,374 days. It also has a companion that orbits at just 0.1 AU taking 
8.678 days to complete a single orbit. These two orbiters are too small, too faint 
and too close to the primary to be seen visually and we therefore have to rely on 
other methods, such as spectroscopy, to detect them. Get the binocular out 
though and you will see a second - or is that a fourth? - star at 3.4’ separation 
with a visual magnitude of my, +6.1. It is a B9.5 sub-giant which orbits B Cap at a 
distance of 21,000 AU and with a period in excess of 1 million years. It was 
originally thought that the two were separated by 9,400 AU but improved 
measurements have lead to revising the figure upwards. It is another star 
displaying evidence of mercury and manganese ‘clouds’ in its upper layers that 
may lead to brightness variations. Just to complicate matters further, orbiting 
this star is another at 30 AU believed to be an F-class dwarf. 

There is some disagreement whether y Capricorni is a 3 Do FO or a 4.3 Do 
A7. Traditionally it has always been regarded as an FO but the latest studies 
suggest it is an A7 and an « CVn rotating variable. The situation will perhaps 
become clearer when more detailed research has been undertaken. 

6 Capricorni is just as confusing as y Cap. From 39 ly its magnitude 
fluctuates between m, +2.81 and +3.05 over a period of 24" 33™ and has long 
been regarded as an Algol-type (EA) eclipsing binary, but it has been suggested 
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recently that it should be reclassified as either an RS CVn eclipsing variable or a 
6 Scuti pulsator. 5 Cap has an odd spectral signature suggesting that, like some 
form of cosmic cannibal, it is feeding off a dying companion. This would lend 
weight to the call to reclassify the star as an RS CVn. On the other hand it hints at 
a slight pulsation, perhaps indicating it is about to enter its own death phase, 
and so could be a 6 Scuti variable. As with y Cap only time will tell. A my, +2.85 
star just 42” to the north west is the unrelated TYC 6363-1044-1, an A5 lying 
much farther away at 277 ly. 

¢ Capricorni is a triple star system 663 ly from Earth. It is also regarded as 
being a y Cas eruptive variable fluctuating between my, +4.48 and +4.72. A fast 
spinning B3 at 269 km/s, it bulges to 4.4 Do at its equator, its polar diameter 
probably only around 3.3 Do. One component, that has only been resolved 
spectroscopically orbits at a distance of 1 AU while the second component is at 
least 13,000 AU away and is a K-class giant with a my +9.5. The system bathes in a 
decretion disk of material ejected from the primary. 

¢ Capricorni is a barium-rich star. During its early history ¢ Cap had a more 
massive, older companion which has since exhausted most of its fuel and is now 
a white dwarf in a 6.5 year orbit at 6 AU. As its companion began to die it 
transferred some of its mass to C, adulterating its natural composition. Nowadays 
¢ Cap is a G4 supergiant, 114 Do across and 386 Lo. It barely makes 4th 
magnitude but would easily match Venus at 10 pc. 

We have come across situations before where seemingly related stars were 
nothing more than a coincidence, but 1 and x Capricorni may be the genuine 
articles. At 13 and 12 Do respectively the stars are of similar size and both are 
G8s. They are now more than 42 light years apart but heading in opposite 
directions. It could be that a wayward star gave one of them a gravitational tug 
and separated the twins forever. 

At 1,754 ly t Capricorni marks for us the outer limits of the constellation. A 
rapidly rotating B7 (170 km/s compared to the average 160 km/s) it is 11 Do, but 
it is significantly more luminous than the Sun by a factor of 2900. It is also a 
binary twin, its companion a warmer B6, the pair orbiting their common center 
of gravity once every 200 days. 


Carina 


Constellation: Carina Hemisphere: Southern 
Translation: The Keel Area: 494 deg” 
Genitive: Carinae % of sky: 1.197% 
Abbreviation: Car Size ranking: 34th 


Carina, Puppis (The Stern) and Vela (The Sail) were originally one constellation, 
Argo Navis, but were split by Nicolas Louis de Lacaille in the 18th Century. They 
represent the ship of the Argonauts. Carina lies in a very rich part of the Milky 
Way that includes Canopus, the second brightest star in the night sky, the 
Southern Pleiades, a brilliant flare star and several open clusters. 


a« Carinae, better known as Canopus, is the second brightest star after Sirius yet 
it has remained an enigma until fairly recently. It has not been particularly well 
studied, being too far south for many of the northern based telescopes, and the 
nature of this type of star - a rare FO bright giant - is not well understood. The 
launch of the Hipparcos satellite provided astronomers with a much better 
understanding of « Car. It is now regarded as having a diameter of 71 Do anda 
luminosity of 13,600 Lo. If Canopus and Sirius were placed at 10 pc from Earth 
Canopus would appear far brighter at M, -2.4 compared to the M, +1.42 of Sirius. 
Its distance, which had previously been quoted as being anywhere between 100 
to 1,200 ly is now believed to be 313 ly. It has a mass estimated at 8.6 Mo anda 
temperature of 7,350 K. What astronomers are still uncertain about is whether it 
is evolving into a red giant or if it has already been through that phase and is 
now shrinking again. It is known to be a strong X-ray emitter suggesting it has an 
intense magnetic field that heats the surrounding corona to 15 million K. 
However its rotational period, which drives the magnetic field, has proven 
elusive possibly because its rotational pole is pointing directly towards us. 
Canopus is one of the key stars used for the navigation of spacecraft. 

The otherwise unremarkable B Carinae together with 0, v and » Carinae 
make up the Diamond Cross asterism which is sometimes mistaken for Crux. A 
second False Cross, which looks even more like Crux, is made up of 1 and ¢ 
Carinae and 6 and x Velorum. 

No one is really sure whether ¢ Carinae is an eclipsing binary. The Yale Bright 
Star Catalog queries a 785 day period and variable star observers also doubt it is 
variable. It is certainly an orbital binary system. One star is an orange K3, 
possibly up to 70 Do, while the other is a blue B3, probably no more than 6 Do. 
They are at most only 4 AU apart and that is part of the problem: they are so close 
together we are unable to tell which of the stars we are seeing. Like many stars in 
the Southern Hemisphere ¢ Car could benefit from more detailed study. One 
interesting fact about the star is how it got its name, Avior. D.H. Sadler recounts 
in his book, A Personal History of H.M. Nautical Almanac Office, that the name was 
invented by HMNAO in the late 1930s. The Nautical Almanac Office was 
preparing The Air Almanac, a book containing details of 57 bright stars that pilots 
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could use for navigational purposes. Only two of the stars did not already have 
names - ¢ Car and « Pavonis - so they called them Avior (from the French avis for 
bird) and Peacock (the English translation of Pavo). 

7 Carinae is one of the most peculiar stars in the sky. In 1677 Edmond Halley 
(of Halley’s Comet fame) recorded the star as being of the 4th magnitude. By 1730 
it had brightened to 2nd magnitude but returned to 4th by 1782. In April 1843 it 
suddenly brightened to m, -0.8 making it the second brightest star in the night 
sky. By 1890 it had faded to 6th magnitude and continued to do so until the end of 
the century when it appeared to stabilize at m, +8. Since 1943 it has gradually 
brightened showing a sudden but relatively small burst in 1998-99. At the time of 
writing it is m, +4.5 and brightening. No one is absolutely sure what is happening 
to n Car. The initial brilliant burst would suggest a large star going supernova, but 
it has clearly survived and may be what has been termed a ‘supernova impostor’. It 
is a very large star at up to 195 Do though by no means the largest - there are 
another 52 naked eye stars that are larger. Its mass is somewhere between 100 and 
150 Mo. However, it is its luminosity that is really staggering: some 5 million 
times more luminous than the Sun, and perhaps only surpassed by HD 135591 in 
Circinus. The variation in magnitude may be attributed to the behavior of the 
resulting dust cloud following its outburst in 1843, what astronomer Jim Kaler 
calls the ‘Great Eruption’. During the Great Eruption the star ejected a Sun’s worth 
of material. As the cloud expanded at 400 km/s it cooled and dust grains 
condensed from it. This made the cloud rather more opaque and blocked out 
much of n Carinae’s light. As the cloud continued to spread out into interstellar 
space it thinned out, allowing more starlight to reach us. 

7 Car is thought to be a Wolf-Rayet star and may belong to the rare Luminous 
Blue Variable (LBV) or S Doradts variable class. There is some observational 
evidence to indicate it is also a binary with an orbital period of 5.52 years. The 
pair are now imbedded in a giant gas and dust cloud 11 ly across and which has 
been named the Homunculus Nebula. It looks likely that n Car will explode in 
the not too distant future, perhaps not tomorrow but almost certainly within the 
next million years. And it is bubbling up to be quite an explosion. Not so much a 
supernova, more a super-duper nova (though professional astronomers would 
prefer we call it a hypernova). 

6 Carinae is the brightest star in the open cluster IC 2602 which has about 60 
members, although less than 20 have been researched to any degree. 0 Car is 
typical of the stars in the cluster. Often referred to as the Southern Pleiades 
IC 2602 contains half a dozen stars brighter than m, +6 although one of these, 
HD 93163, is not actually a cluster member lying at a distance of 1,010 ly: 
cluster stars are found in the range of 428 to 488 ly. HD 93607 seems a bit on the 
large size at 5.6 Do but there could be several reasons for this, not least of which 
could be observational error. It has been said that @ Car has the obscure proper 
name Vathorz Posterior which is supposed to be a combination of Old Norse and 
Latin meaning ‘trailing (star) of the waterline (of the ship Argo)’. Quite 
remarkable for a star that is invisible to anyone much farther north of the 
Tropic of Cancer! It is, of course, a schoolboy joke that has been circulating 
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around the Internet for far too long: Vathorz Posterior = a fat whore’s backside. 

Supergiant A8 and A9 class stars are a relative rarity. There are only three 
visible to the naked eye, and they are all in Carina. 1 Carinae is the smallest at a 
‘mere’ 40 Do. At 692 ly it appears as my +2.22 star but would brighten to M, -4.7 
at 10 pc. A couple of solar diameters larger v“ Carinae is almost 1,000 ly further 
away. Its companion, v® Carinae, is also an A8 but much smaller at just 11 Do 
and is all but invisible at m, +6.03. But it is HD 90772 that is truly the 
hypergiant at 346 Do - slightly larger than the orbit of Mars. This A9 class star 
lies at 14,000 ly and is 200,000 times more luminous than the Sun. A 6 Cepheid 
variable, sometimes identified as V399, it has a period of 58.82 days during 
which its magnitude fluctuates between m, +4.64 and +4.71. At 10 pc it would be 
the joint 2nd brightest star in the night sky at M, -8.5, outshone only by 34 
Cygni (My -8.9) and on par with ¢ Aurigae, ¢ Cassiopeiae and another Carina star, 
y Carinae, a 371 Do F2 at 12,545 ly and which has a luminosity of 168,598 Lo. 

The 3 Do PP Carinae is a y Cassiopeiae eruptive variable. A blue B4 with a 
temperature of around 17,000 K it is another fast spinner rotating at 303 km/s 
taking just 12 hours to complete one full turn. 

R Carinae is a long period pulsating red giant of 37 Do. Over a period of 
308.71 days it goes from a respectable my, +3.9 to +10.5 and back again. 

V371 is an « Cygni type pulsating variable that varies by just 700th of a 
magnitude between m, +5.12 and +5.19. At 93 Do it is a supergiant B9 of 20,470 
Lo. It appears so faint only because it is so far away - more than 5,500 ly - but 
would have an absolute magnitude of M, -7.1. 

Carina is home to a several record breaking B Cepheid variables. V343 is the 
largest of the naked eye B Cepheids at 57 Do (85% are less than 5 Do across). 
V376 has the shortest period at 29™ 57.1° while y Carinae has the largest 
amplitude, 0.44, varying between my, +3.46 and +3.90. 

It might sound as though it would send you to sleep but ZZ Carinae is an 
exceptional 6 Cepheid pulsating variable. Whereas most 5 Cepheids have periods of 
less than 10 days (they average 6.7 days) ZZ Car has the longest of all the naked eye 
Cepheids spanning 35° 12" 52™ during which its magnitude goes from m, +3.28 to 
+4.18. At 1,850 ly this yellow G5 supergiant pulses between 160 Do (222.7 million 
km) at about the time of magnitude minima, and 195 Do (271.4 million km) 
several days before magnitude maxima. Its luminosity is around 14,000 Lo and, 
combined with a mass of 10 Mo, ZZ Car is a candidate exploding star. 

The red giant HD 66342 lies within the open cluster NGC 2516, sometimes 
referred to as the Diamond Cluster. This particular star is my +5.20 but the 
combined magnitudes of the 100 stars in the cluster give it the appearance of a 
3rd magnitude cloud. HD 66342 lies at a distance of 1,045 ly, some 250 ly from 
the cluster’s center. A second star just about visible to the naked eye, HD 66194, 
otherwise known as V374, is a y Cas variable which changes from m, +5.84 at 
maximum to +5.72 over a period of a few days. 

NGC 3532 is nicknamed the Wishing Well, the stars obviously reminding 
someone of the coins at the bottom of a wishing well. There are no particularly 
bright stars but the cluster overall is about my, +3. 
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Open and globular clusters in Carina 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 

Collinder 228 40’ 84 7,200 7 QZ Car 124 +4.4 
my +6.42 

Collinder 240 25’ 37 5,100 15 HD 97534 12 +3.9 
my +4.6 

IC 2581 15’ 35 8,000 14 V399 Car 39 +4.3 
my +4.71 

IC 2602 135’ 21 525 32 @ Car 146 +1.9 

Southern my +2.78 

Pleiades 

NGC 2516 30’ 11 1,300 115 V460 Car 80 +3.8 

Southern my +5.18 

Beehive 

NGC 3114 50’ 44 3,000 124 HD 87283 =. 221 +4.2 
my +5.93 

NGC 3247 8’ 12 5,100 121 HD 90552 12 +7.6 
my +9.82 

NGC 3293 17’ 38 7,600 10 HD 91969 68 +4.7 
my +6.52 

NGC 3324 10’ 23 7,600 6 HD 92207 22 +6.7 
my +5.45 

NGC 3532 63’ 140 1,600 310 HD 96544 514 +3.0 

Wishing Well my +6.02 

NGC 3572 8’ 16 6,500 8 HD 97166 22 +6.6 
my +7.87 

NGC 3590 13’ 21 5,400 17 HD 97581 4] +8.2 
my, +8.85 

Trumpler 14 9’ 24 9,000 7 HD 93129 56 +5.5 
my +6.97 

Trumpler 16 21’ 54 8,800 6 7 Car 87 +5.0 
my +6.20 

NGC 2808 14’ 128 31,300 12,500 Globular cluster +7.8 


*May not be a cluster member. 
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Constellation: Cassiopeia Hemisphere: Northern 
Translation: Queen Cassiopeia Area: 598 deg” 
Genitive: Cassiopeiae % of sky: 1.450% 
Abbreviation: Cas Size ranking: 25th 


Queen Cassiopeia was the wife of King Cepheus and the mother of Andromeda. 
The constellation is set against the rich backdrop of the Milky Way. The five 
main stars form a distinctive letter W or M. 


Not the brightest but the second brightest, « Cassiopeiae or Shedir is a m, +2.22 
orange star, 855 times more luminous than the Sun. At 10 pc it would brighten to 
M, -0.9. It has a rotational velocity of 5 km/s so its 41 Do takes more than a year - 
415 days - to revolve just once. At one time it was believed to be variable but that 
suggestion has now been dismissed. 

At my, +2.25 B Cassiopeiae or Chaph is the third brightest 5 Scuti pulsating 
variable. Its magnitude varies by an almost unnoticeable 0.06 magnitudes 
ranging from m, +2.31 to a maximum +2.25 with a period of 2" 30™. Some 2.9 
times the diameter of the Sun this F2 star is actually a binary although precious 
little is known about its +13.6 magnitude companion other than it orbits once 
every 27 days. B Cas spins at 70 km/s taking 2.1 days to complete a revolution. 

Currently the brightest star in the constellation at m, +1.60, y Cassiopeiae or 
Cih may well have been a more modest 3rd magnitude object at the time Bayer 
compiled his Uranometria star atlas in 1603, hence its y designation. y Cas lends 
its name to the type of eruptive variable stars that can brighten suddenly and 
unpredictably. In y Cassiopeiae’s case the difference in brightness is quite large at 
1.4 magnitudes - the largest of the 37 known naked eye stars - but most vary by 
between 0.11 and 0.19 magnitudes. With the exception of ¢ Ophiuchi which 
varies by just 0.02 magnitudes and is an O9 spectral class star, all of the y Cas 
variables are B-type stars covering the entire B-class spectrum although most lie 
in the B1 to BS range. They tend to be smaller stars - two-thirds are less than 
5 Do across - and fast spinners. y Cas itself is one of the larger of the breed at 23 
Do and very luminous at 40,000 Lo. It spins on its axis at 300 km/s so that, 
despite its substantial size, it takes just under 4 days to turn once. Its high 
rotational speed also means that the star is an oblate spheroid, considerably 
fatter at the equator than at the poles, which ejects huge amounts of material 
into an orbiting disk. A bright X-ray source, though no one really understands 
why, today’s y Cas will be tomorrow’s supernova. 

5 Cassiopeiae is an Algol or EA-type eclipsing binary with a period of 759 
days. At almost 100 ly its companion is unseen but as it passes in front of 5 Cas its 
magnitude dips from my, +2.68 to +2.76. 

¢ Cassiopeiae is a bit of a mystery. It belongs to spectral class B3 and appears 
to be surrounded by a circumstellar disk of gas spreading out from its equator. So 
far so good: this matches the profile of a typical fast spinning B-class star which is 
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throwing off material into space. Except it is not a fast spinner. We would expect 
a rotational velocity of 200 to 250 km/s, perhaps even faster, but ¢ Cas is turning 
at a modest 50 km/s. Exactly what is going on is anyone’s guess. 

Although ¢ Cassiopeiae is not usually listed as a variable it does actually 
belong to a rare category known as 53 Persei or Slowly Pulsating B stars (SPBs). 
You have to have some pretty sensitive equipment to detect the variation though 
as it amounts to just one thousandth of a magnitude with a period of 1.56 days. 
These are complex stars with some layers of the star expanding while others 
contract. Although difficult to accurately monitor from ground based sites (their 
subtle magnitude changes are often masked by our turbulent atmosphere) 
astronomers believe that SPBs can give us a unique insight into the inner 
structure and workings of variable stars. 

7 Cassiopeiae is one of those stars best seen with a small telescope or 
binocular. It is another solar analog, the same size as the Sun, 19% more 
luminous and belonging to spectral class GO or G3. It is also fairly close to us at 
just 19.4 ly and appears as a m, +3.46 star. But modest optical aid will also reveal 
that it is a binary, its companion being a +7.51 magnitude K7 dwarf just 11” away 
(PA 307°). In reality, the two stars are in an orbit that brings them to within 36 
AU of one another before separating them by 107 AU with an orbital period of 
around 480 years. The stars should appear as yellow and reddish-orange though 
depending on how good your optics are (your telescope’s and your eyes) they 
may appear gold and purple. 

i Cassiopeiae is also a good telescopic object. It looks like a triple star 
arrangement but could, in fact, consist of up to five related stars. The brightest is 1“ 
Cas, a white A5 rather more than twice the diameter and mass of our own Sun and 
22 times more luminous. It is an « CV rotating variable with a period of 1° 17" 46™ 
during which its magnitude varies between my +4.45 and +4.53. In orbit around 1“ 
Cas is 1“* Cas, a G2 dwarf about 70% the mass and luminosity of the Sun. Its 
distance from the primary is somewhere between 5 and 18 AU and it has an orbital 
period of around 47-52 years. This star is invisible in small telescopes but a third 
star, 13 Cas, is an easy my, +6.91 object lying at least 100 AU from 1“ Cas and having 
an orbital period of 840 years, although the jury is still out as to whether it is 
actually in orbit or just a passing stranger. 1? Cas is an F5 of 1.3 Mo and 2.7 Lo. At 
300 AU from 1“ Cas is 1° Cas which is a K1 dwarf, 0.7 Mo and 0.7 Lo. It has a 
magnitude of m, +8.40. Finally, 1 Cas itself has a companion at 0.4” - invisible in 
small telescopes and often designated 1° Cas. It is a K5 dwarf of 0.65 Mo. 

At 4,129 ly k Cassiopeiae is a highly luminous (420,000 Lo) giant 40 times a 
big as the Sun. Belonging to spectral class B1 it carries a temperature of 24,000 K: 
four times hotter than the Sun. Its brightness also varies by 800th of a magnitude 
between my, +4.22 and +4.30, the star belonging to the « Cygni group of 
pulsating variables. 

i. Cassiopeiae consists of twin blue stars, one a B7 the other a B8, in a 640 
year orbit. Their magnitudes are m, +4.77 and +5.80 and they are separated by 
0.6”. Neither star is particularly big - each a couple of solar diameters across - but 
they are considerable more luminous at 120 Lo. They lie at a distance of 355 ly. 
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Cassiopeia's Giant Stars 
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a Cas (KO) y Cas (BO) 
41 Do 15 x 23? Do 
7Mo 15 Mo 
229ly 613 ly 
Ry 5kmis Ry 300 km/s 
Rp 1.14 years Rp 3.9 days Rp 36.8days 


Supergiant Stars 


V566 Cas (A3) 
p Cas (G2) 300 Do 
450 Do 31M, 
45M, 16,308 ly 
11,649 ly Ry 39kmis 
Ry 43.1 km/s Rp 1.07 years 
Rp 1.45 years 


V609 Cas (G0-4) 
910 Do 
30 Mo - 
7,000 ly 
Ry 35 km/s 
Rp 3.6 years 


R Cas (M7) 
490 Do 
35M 
348 ly 
Ry 1?kmi/s 
Rp 68? years 


- @ Cas (FO) 


460 D, 
11 Mo 
2,330 ly 
Ry 23km/s 
Rp 2.8 years 
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€ Cas (B3) 
5.7 Do 
6Mo 
442 ly 
Ry 50 km/s 
Rp 5.8 days 


5 Cas (A5) 


1.4Do 
2.4Mo 
99 ly 


Ry110 km/s 
Rp 19 hours 


2. Cas A (B7) 
1.3 x 2.6?Do 
4Mo5 
355 ly 
Ry 220 kmis 
Rp 14.5 hours 


U?Cas (A5) 
2.3 Do 
2.1M6 
142ly 

Ry 65km/s 
Rp1.8days 


©? Cas (K1) 


1Do 


cas (G2) 


0 Cas B (F8) 
906ly 


1°cas (K5) 
0.8 Do 
0.65 M5 
142ly 


cas (F5) 
1.1 Do 
1.3Mo 
142 ly 


0 Cas A (B5) 
5 Do 
7Mo 
906 ly 
Ry 18.7 km/s 
Rp 1.5days 


Cassiopeia 133 


Heading towards us at 97.2 km/s »p Cassiopeiae is an interloper from the 
galactic halo. Belonging to spectral class G5 it is a 1.1 Do dwarf and is 
considerably less luminous than our Sun at 0.4 Leo due to its very low metal 
content (13% to 28% that of the Sun). It also has a companion: an +11.51 
magnitude M class dwarf in a 21.97 year orbit which varies from 3.3 AU at 
periastron to 11.9 AU at apastron. The duo travel across the sky at a rate of knots 
with a space velocity of 186 km/s and, in 25,000 years’ time, should be in what is 
now Lyra. Halo stars such as p Cas are thought to be about 10,000 million years 
old and may hold clues as to the composition of interstellar space at the time our 
Galaxy formed. 

o Cassiopeiae is another y Cas eruptive variable. A B5 star of 5 Do it has a 
rotational velocity of 155 km/s and fluctuates between a minimum m, of +4.62 
to a maximum +4.50. It also has an unseen companion, an F8 dwarf with an 
orbital period of 1,033 days indicating they are separated by an average of 2 AU. 

Despite being 11,649 ly from Earth p Cassiopeiae is still visible as a 4th 
magnitude star - usually. It is one of the largest stars visible to the naked eye with 
a diameter of 450 Do. Translated into Solar System terms this means that it has a 
radius of 2.1 AU; big enough to engulf Mars and reach the inner fringes of the 
Asteroid Belt. This hypergiant is 550,000 times more luminous than the Sun and 
would be a brilliant M, -8.7 at 10 pc. It is also highly unstable, belonging to the 
SRd class of semi-regular pulsating variables. Its magnitude fluctuates from my 
+4.1 to +6.2 with a range of periods of 320, 510, 645 and 820 days. Astronomers 
are undecided as to whether it is an F8 or a G2 but as it heads towards magnitude 
minima it turns from yellow to red, cooling from 7,200 K to 4,000 K. p Cas is in 
its death throes and, indeed, may already have exploded as a hypernova and we 
are just waiting for the light to reach us. Well worth keeping an eye on this star. 

R Cassiopeiae is one of only a handful of naked eye M7 red giants. Like most 
of the others it is a Mira-type variable, spending most of its 430.46 day period 
invisible without optical aid and growing as dim as my +13.5. When it does 
brighten it reaches m, +4.70. There is considerable uncertainty over its distance, 
diameter and luminosity but it has been suggested that it may be 490 Do. 

As big as p and R Cas are, they are dwarfed by V509 which is an enormous 
910 Do or 8.5 AU across. Put it in the center of the Solar System and it would 
be just shy of reaching Jupiter by 0.7 AU. V509 resides at least 7,000 ly from 
Earth and could be either a GO or G4 yellow hypergiant with a luminosity of 
125,000 Lo. Like p Cas it is an SRd semi-regular pulsating variable fluctuating 
between m, +4.75 and +5.50. 

V566, or 6 Cas if you prefer, is another supergiant, super-luminous star. At 
300 Do it is only a third of the size of V509 but that still converts to 2.8 AU. 
Lying somewhere between 15,050 and 17,600 ly it is more than 166,600 times as 
luminous as the Sun. This A3 white hot star spins at 39 km/s taking 389 days to 
complete one rotation and varies in magnitude in an « CV fashion from m, +5.45 
to +5.34 though over no particular timescale. 

V566 along with p Cas and at least 19 other stars appear to belong to a loose 
association called Cas OBS. This group, which is based on position, distance and 
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radial velocity, includes the peculiar HD 108 which may or may not be a binary 
system. At m, +7.40 it is too faint to be seen without optical aid but it has 
generated much debate in recent decades. Its radial velocity - how fast it travels 
towards the Sun - is around the 64 km/s mark but varies, suggesting the presence 
of a second star that gravitationally tugs at HD 108, sometimes slowing it down 
and sometimes speeding it up. The orbital period has been variously calculated at 
1.02, 4.612, 5.7937 and 1,627.6 days. The binary component has been confirmed 
and rejected several times. It has also been suggested that HD 108 has undergone 
a supernova explosion without destroying the star and the variations in radial 
velocity have even been dismissed altogether with jets of material perpendicular 
to the line of sight being blamed for any perceived variation in radial velocity. 
Optical and infra-red observations suggest it is ejecting massive amounts of 
material while paradoxically UV studies suggest a low mass loss. Whatever the 
true nature of HD 108 we do know, or at least we think we know, that it is an O06 
supergiant with a temperature of around 45,000 K. 

The +5.01 magnitude  Cassiopeiae is another huge star, 460 solar diameters 
across - just about wide enough to touch the Asteroid Belt if it were to replace the 
Sun - and 4,100 Lo. It is a rare yellowish-white FO, 2,330 ly away and through a 
small telescope or binocular looks as though it could be part of the open cluster 
NGC 457. But it isn’t, the cluster being a further 6,700 ly away. Still, the cluster 
makes for an attractive backdrop for a star that will one day go supernova. 

If you had been watching Cassiopeia in the first week of November 1572 you 
would have noticed a brilliant new star close to « Cas. At magnitude my, -4 it 
rivaled Venus in intensity and attracted the attention of writers and 
philosophers, kings and queens throughout Europe but none more so than the 
Danish astronomer Tycho Brahe who undertook an extensive study of the 
celestial visitor. Now known as Tycho’s Star it is listed in modern catalogs as 
SNR G120.1+01.2, a SuperNova Remnant expanding rapidly through space 
7,500 ly away. 

A number of stars in Cassiopeia have planetary systems although the stars are 
all below naked eye visibility. One planet, HD 7924 b, appears to be a super- 
Earth with a mass of at least 9.26 Mg putting it close to the upper limit for 
terrestrial type planets. The star HD 17156 is a solar analog, about 45% larger 
than the Sun, but its sole planet orbits at a distance of just 24 million km 
(Mercury orbits the Sun at about 60 million km) and is likely to be a ‘hot Jupiter’ 
that formed farther away from the star but later migrated inwards. 

With countless stars we should perhaps not be surprised to find a large 
number of coincidences but one of the most remarkable is Kemble 2, otherwise 
known as the Mini Cassiopeia. Although only about 10’ across this 
arrangement of six stars just to the east of y Draconis is the spitting image of 
the real thing. 
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Planetary systems in Cassiopeia 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 


HD 7924 = 0.83 KO 54.8 +7.21 HD 7924b 9.26Me 0.05 0.07 5.40d 
HD 17156 1.45 GO 255 +8.17HD17156b 3.21M, 0.05 0.28 21.22d 
HD 240210 13.0 K3 466 +8.00HD 240210 b6.90 M 1.13 1.53 1.38 y 


Open clusters in Cassiopeia 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
Collinder 33 36’ 34 3,300 230 HD 18326 53 +5.9 
my +7.94 
Collinder 463 = 102’ 68 2,300 235 HD 10483 76 +5.7 
my +8.20 
IC 1805 51’ 92 6,200 7 HD 15557 98 +6.5 
my +7.39 
IC 1848 11’ 21 6,500 7 HD 17505 7 +6.5 
my +7.06 
M 52 50’ 67 4,600 58 HD 220770 =102 +6.9 
(NGC 7654) my +7.84 
M 103 25’ 51 7,200 22 HD 9311 29 +7.4 
(NGC 581) my +7.28 
NGC 225 30’ 19 2,100 130 TYC 4016-97-1 39 +7.0 
my +9.28 
NGC 457 25' 58 8,000 21 Cas 57 +6.4 
my +4.95 
NGC 654 63’ 121 6,700 14 HD 10494 46 +6.5 
my +7.32 
NGC 659 17’ 32 6,300 35 No ID 13 +7.9 
my +10.11 
NGC 663 43’ 80 6,400 16 TYC 4032- 55 +7.1 
1211-1 
my +8.29 
NGC 1027 30’ 22 2,500 160 HD 16626 52 +6.7 
my +6.99 
NGC 7790 14’ 38 9,600 56 TYC 4281- 7 +8.5 
1230-1 
my +10.23 
Stock 2 92' 26 1,000 170 HD 13122 169 +4.4 
my +6.67 
Trumpler 3 47’ 17 1,300 68 HD 19661 89 +7.0 
my +8.77 


*May not be a cluster member. 


Centaurus 


Constellation: Centaurus Hemisphere: Southern 
Translation: The Centaur Area: 1,060 deg” 
Genitive: Centauri % of sky: 2.570% 
Abbreviation: Cen Size ranking: 9th 


In mythology Centaurs were creatures who were half man, half horse that 
resided in ancient Thessaly. They were driven out of the country when one of 
them attempted to abduct a bride. One Centaur is associated with Chiron, tutor 
to Jason of the Argonauts and Hercules. This Southern Hemisphere constellation 
partly overlaps the Milky Way 


Despite being invisible from anywhere farther north than Miami « Centauri is 
arguably the most famous of all stars due, in no small part, to it being the closest 
naked eye star to the Sun at 4.39 ly. Also known as Rigil Kentaurus or simply Rigil 
Kent (meaning the ‘Foot of the Centaur’) it is not unlike our Sun: somewhat 
larger and more luminous by about a third but still a G2. The third brightest star 
in the night sky at m, -0.01 it would fade to a barely visible My +4.35 at 10 pc. 
Estimates of its age range from 6,500 to 8,000 million years - rather older than 
the Sun’s 4,560 million years - so considerably depleted in hydrogen and 
heading towards the final stages of its life as a yellow dwarf. It has one, perhaps 
two companions. «® Centauri is a K1 dwarf about 90% the diameter and mass of 
the Sun. Its orbital period is around 80 years during which the two stars come as 
close as 11 AU (as in 1957 when they were 2” apart) and separate by as much as 
35 AU (which occurred in 1980 with a distance of 22”). At m, +1.33 the star is 
relatively easy to find with a modest telescope, the duo appearing as a 
contrasting yellow-orange pair. a© Centauri is better known as Proxima and 
may or may not be gravitationally bound to the other two. At my +11.05 it is by 
no means a bright or easy object to find lying, as it does, a good 2° from the 
primary star. It is slightly closer to us by about 10,000 AU but will not always be 
so if it is indeed in orbit around «* Cen. Don’t hold your breath waiting for it to 
pass behind the two brighter stars: the orbital period is in excess of 1 million 
years and unstable. An MS.5 red dwarf of 0.145 Deo and 0.00005 Lo Proxima does 
flare fairly regularly increasing its brightness by about a magnitude, a result of its 
magnetic fields collapsing. From the « Centauri system the Sun would appear as a 
my, +0.5 star in Cassiopeia. 

B Centauri or Agena is one of three B Cephei pulsating variables in the 
constellation, the other two being « and y. B Cen fluctuates between m, +0.61 
and +0.66 with a period of 3" 46™. ¢ Centauri has a somewhat longer period of 
4" 4™ during which its magnitude changes from m, +2.29 to +2.31, while y 
Centauri is timed at just 50.5™ and flickers between my +4.15 and +4.17. 

The constellation includes four Be ‘emission’ stars - y Cas variables - all 
roughly the same size and all ‘shell stars’ being surrounded by circumstellar disks 
of material. These rapidly rotating stars are thought to eject huge amounts of 


138 The Star Atlas Companion 


Centaurus 
Apparent Magnitudes 


HD 102350-+ 


HD 101570 


Absolute Magnitudes 


Centaurus 139 


Centaurus 
Distances 


oO 
@HD 102350 r *e, 
a HD 101570 3,398 ly 
@ 


eee PG 
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 


Distance (ly) 


The View from a Centauri 


From a Centauri the Sun would appear as a m,+0.5 star in Cassiopeia 
to the south east of ¢ Cassiopeiae. 


140 The Star Atlas Companion 


gases that eventually cool and condense to form dust particles. The table below 
summarizes what we know about the four stars. 


y Cas Be emission stars in Centaurus 


Star my My Lo Doe Dist. Spec Rotational Radial 
min max diff ly Velocity Velocity 
km/s km/s 
6Cen +2.51 +2.65 0.14 -2.5 1,200 6.7 395 B2 240 11 
yn Cen +2.30 +2.41 0.11 -2.9 8200 7.2 309 B1.5 350 -0.2 
pCen +2.92 +3.47 0.55 -1.7 7,180 5.5 527 B2 130 9.1 
V795 +4.97  +5.10 0.13 -1.7 174 3.2 486 B4 242 7 


The 11 Do KO giant 6 Centauri appears to be a visitor to our corner of the 
Galaxy. Currently only 61 ly away it is passing us at 65 km/s. In 25,000 years’ 
time, it will appear in the same part of the sky now occupied by W Velorum 
which, by coincidence, is also about 60 ly distant. 

Also heading off towards Vela, but only making it as far as Antlia in our 25,000 
year timeframe, is 1 Centauri, an A2 Main Sequence white dwarf of 1.9 Do. At 
58.6 ly it is another fairly near star but perhaps its most interesting feature is the 
presence of a dust cloud, possibly the result of failed planet formation, or 
possibly still in the process of forming planets. 

v Centauri is a rotating ellipsoidal variable that changes in magnitude from my 
+3.38 to +3.41 without any detectable period. A hot B2 blue dwarf with a 
temperature of around 22,500 K it is 4.5 Do and rotates at 70 km/s, taking 3.3 days 
to complete one full turn on its axis. It is known to be a spectroscopic binary, its 
companion locked into an orbital period of 2.62516 days, and although nothing 
else is known about the secondary star its presence and close proximity may 
distort the shape of the primary and influence how it spins. If we could see the disk 
of the star from Earth it would appear to be continuously changing in shape, 
brightening and fading as different hemispheres are presented to us. 

The two 5th magnitude stars o' and o” Centauri mark the farthest 
boundaries of the constellation at more than 3,000 ly but are not actually 
related. o' Cen is a bright yellow G3 hypergiant, 630 Do and a bit cooler than 
our own Sun at 5,100 K but considerably more luminous by a factor of some 
7,250. If dropped into the center of the Solar System o' Cen would swallow 
everything up to and including the Asteroid Belt. A semi-regular SRd pulsating 
variable with a period of around 200 days its magnitude varies noticeably from 
m, +5.10 to an invisible m, +6.60. If placed 10 pc from Earth it would be an 
impressive M, -8.0. It is actually 3,229 ly away. Right next to it, at least on the 
celestial sphere, is 0” Cen: almost identical in apparent magnitude (+5.12) but 
also an « Cygni variable to m, +5.22 over a period of 46.3 days. 0? Cen is 169 ly 
farther away and only one-third the size of its namesake at 210 Do. A brilliant 
white A2 the pair make a for fine color contrast in a telescope with good optics. 
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R Centauri is a Mira-type variable with a gradually decreasing period, similar 
to that displayed by R Aquilae and R Hydrae. Very little is known about its 
physical dimensions but its magnitude can reach m, +5.3 at maximum before 
falling to my +11.3 (often it will rise to just my +6.3 before dimming again). Its 
period is listed in the Second Harvard Catalog of Variable Stars as being 568.2 days. 
That was in 1907. Now, a century later, it is 546.2 days. 


Open and globular clusters in Centaurus 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 

IC 29448 37’ 62 5,800 7 HD 101545 83 +4.5 
my +6.30 

NGC 3680 30’ 26 3,000 1,200 DM -42° 6983 23 +7.6 
my +10.06 

NGC 3766 16’ 27 5,700 15 HD 100943 132 +5.3 

Pearl Cluster my +7.11 

NGC 5138 12’ 22 6,500 97 HD 116721 15 +7.6 
my +8.70 

NGC 5281 15’ 16 3,600 14 HD 119699 = 42 +5.9 
my +6.61 

NGC 5316 11’ 13 4,000 159 DM-61° 4106 24 +6.0 
my +9.38 

NGC 5460 51’ 33 2,200 161 HD 123247 86 +5.6 
my +6.42 

NGC 5606 15’ 26 5,900 12 HD 126449 =. 25 +7.7 
my +8.79 

NGC 5617 15’ 22 5,000 82 HD 126640 40 +6.3 
my, +8.76 

NGC 5662 58’ 37 2,200 93 HD 127753141 +5.5 
my +7.07 

Stock 14 22' 44 7,000 11 V810 Cen 38 +6.3 
my +5.01 

@ Cen 19’ 87 15,800 12,000 Globular cluster +3.9 

(NGC 5139) 


NGC 5286 9’ 94 36,000 2,000 Globular cluster +7.3 


*May not be a cluster member. §IC 2944 may not be a true cluster. 
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Constellation: Cepheus Hemisphere: Northern 
Translation: King Cepheus Area: 588 deg” 
Genitive: Cephei % of sky: 1.425% 
Abbreviation: Cep Size ranking: 27th 


The fabled King Cepheus of Ethiopia was the husband of Queen Cassiopeia and 
father of Andromeda. The constellation is one of the 48 listed by Ptolemy in his 
Almagest (c. AD 150). 


Not particularly bright at my, +2.43, especially for such a regal constellation, 
a Cephei, better known as Alderamin, is somewhat of an enigma. An A7 Main 
Sequence dwarf, 2.5 solar diameters across, it is supposed to have a modest 
rotational velocity. Instead it is spinning around at 246 km/s, behaving more like 
a B-class star, and emitting X-rays at levels that are on par with our own Sun. It 
also appears to have a magnetic field, all of which is not normal for an A7. Its 
very high rotational velocity - A7 stars average 113 km/s - suggests it is an oblate 
spheroid, probably darkened around the equator and brighter at the poles and 
with a noticeable temperature difference between the two. Whatever the 
explanation Alderamin is in transition, moving off the Main Sequence en route 
to becoming a giant. « Cep is also one of the Pole Stars. As the Earth gyrates on its 
axis the North Pole describes a circle on the Celestial Hemisphere, taking 25,800 
years to complete a full cycle. At the moment the North Pole is pointing towards 
Polaris (« Ursae Minoris). In about 18,300 BC Alderamin was the Pole Star and 
will be again in AD 7,500. At 3° separation it never comes quite as close as Polaris 
at 0.4526°. 

The second brightest star in Cepheus is also the standard for the B Cepheid 
variables. Lying at nearly 600 ly B Cephei or Alphirk appears as an unimpressive 
3rd magnitude star but at 10 pc it would brighten to M, -3.6. A hot, 22,700 K blue 
B2 with a diameter of 9 Do it has a luminosity of 1,430 Lo and has two 
companions, both A-class stars. The closest circles the primary at a distance of 
about 45 AU and takes 90 years to complete a full orbit. Considerably farther out 
at 2,400 AU the second companion has an orbital period of at least 30,000 years. 
B Cep displays a complex sequence of variability during which its magnitude dips 
to m, +3.27 from a maximum of +3.16. The main period of 4" 34.3™ is caused by 
the star pulsating, maximum brightness occurring when the star is fully 
contracted. However, there are smaller magnitude changes timed at 45 43™ 4h 
28™, 4" 26™, 4" 53™ and 4" 18™ in addition to 6 and 12 day variability. It appears 
to have a modest rotational velocity of 20 km/s (the average for this class is 142 
km/s). B Cepheid type variables tend to be relatively small: 85% are less than 5 
Do across and one-third are between 2 and 3 Do. There are a number of 
exceptions, most notably t’ Lupi at 12 Do, FN Canis Majoris 13 Do, 1 Canis 
Majoris 18 Do, o Scorpii 30 Dg and V343 Carinae at 50 Do. Three-quarters of all 
B Cepheids belong to the B1 or B2 spectral groups the rest belonging to B3-B6, at 
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least as far as naked eye stars are concerned. The variability periods are mainly 
between 2" and 12" but can be longer with o Velorum holding the record at 24 
18" 41™ 46°. The shortest period among the naked eye B Cepheids is 29™ 57.15 
displayed by V376 Carinae. The amplitudes - i.e. the difference between 
maximum and minimum magnitudes - are usually between 0.01 and 0.08 
magnitudes, the largest being y Carinae at 0.44 (my +3.46 to +3.90). 

y Cephei is a 4.8 Do K1 evolving sub-giant 45 ly from Earth. It is important 
for two reasons. First, it is one of the Pole Stars and will be almost directly above 
the Earth’s North Pole around AD 4000. Second, it is one of the relatively few 
binary systems that harbors a planet. y Cephei’s stellar companion is a red dwarf 
of 0.3 to 0.4 Mo in an orbit that varies between 12 and 26 AU and with a period 
of around 62 years. The planet is at least 1.59 Mj; in a less eccentric orbit that 
varies between 1.62 and 2.43 AU and with a period of 2.47 years. The stability of 
such a planetary system depends on a number of factors including the masses of 
the two stars, how eccentric their orbits are and how close the stars come 
together. In y Cephei’s case the system is relatively stable - the low mass red 
dwarf never gets any closer to the planet than about 9.5 AU. 

5 Cephei is perhaps the most important star in the night sky. It is by no 
means the brightest at m, +3.48, nor the most luminous at 1,639 Lo, and its 
distance is 982 ly so nothing unusual there. It is a supergiant, though a fairly 
modest one at 44 Do. What is important about 5 Cep is the fact that it is a 
variable star in which its luminosity is directly related to its pulsation period. 
This means that the luminosity can be found by accurately measuring the period 
(the periods in this type of variable are very stable and precise). Then by 
measuring the apparent magnitude a mathematical relationship between the 
magnitude and the luminosity will reveal the star’s distance. It was, of course, 
also necessary to independently determine 5 Cephei’s distance which was done 
by the more traditional means of measuring its parallax (i.e. how the star appears 
to move against the much farther background stars over a period of six months). 
The Cepheid variables, as the class is now known, can therefore be used as 
yardsticks to determine distances within our own Galaxy and, because their high 
luminosities make them easy to detect, the distances to other galaxies. A Cepheid 
discovered in the famous Andromeda spiral enabled Edwin Hubble to make the 
first estimate of the galaxy’s distance. 6 Cep itself has a period of 54 8 47™ 31.9S 
during which its magnitude varies from my, +3.48 to +4.37. As the star dims its 
temperature plummets from 6,500 K to 5,500 K and its spectrum changes from 
F8 to G6, the star turning a more intense yellow. Meanwhile its diameter 
increases by about 15%. What appears to be happening is that the gases that 
make up the star’s outer layers become opaque and trap heat. As the gases get 
hotter they expand and become more transparent, releasing the heat as a sort of 
natural pressure valve. Once most of the heat has escaped the outer layers 
contract again and the whole cycle is repeated. In orbit about 5 Cep is a B7 dwarf 
of m, +6.3. With a separation of at least 12,000 AU (19% of a light year) and an 
orbital period in excess of 2.5 million years there is every possibility that the 
companion will eventually be tugged out of its orbit by a passing star. 
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Cepheus' Supergiants 


Earth's Orbit 2 AU 


C Cep (K1.5) 
230 Do 
8.3M5 
726ly 
Ry 8 km/s 
Rp 3.98 years Rp 229.3 days 


Cepheus' Hypergiants 


V354 Cep (M2.4) 
HCep (M2) 1,520 Do 
1,650 Do 5Mo 
42M, 9,000 ly 
5,261 ly 
Ry 4.2km/s 
Rp 54.5 years 


V V Cep B (B8) 
Dwarf Do 
8,363 ly 


V V Cep A (M2) 
2,000 Da 
38Mo5 
8,363ly 


Saturn's Orbit 
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Cepheus' Stars 2 - 44D, 


y Cep (K1) 
ven 2b 
e (o] 
“Sly” © 170M, 
Ry 2.4kmi/s 83.9 ly 


R 91 km/s 
Rp 101.2days v 
e y Rp 1.1days 


HD 5848 (K2) 
17 Do 
3Mo 
313 ly 
Ry 1 km/s 
Rp 2.36 years 


a Cep (A7) 
1.6 x 2.5? Do 
1.9M5 
© 48.8ly 
Ry 246 km/s 
Rp 12hours 


B Cep (B2) 
9Do 
12M, 
595 ly 
Ry 20kmi/s 
Rp 22.8 days 


8 Cep B (B7) 


3 Do 
4.5Mo 


982 ly 


5 Cep A (F5) 
44D, 
5.1M, 

982ly 

Ry 9km/s 

Rp 247.4days 
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Cepheids of this type (Classical Cepheids) - usually denoted by the symbol Cd 
or 6C - have periods of between 1 and 50 days and amplitudes of between 0.2 
and 2.0 magnitudes. There are only a dozen naked eye Cepheids: » Geminorum 
has the shortest period at 17" 28™ 37° while ZZ Carinae has the longest at 35? 12" 
51™ 37°. Although they are all F or G class (or both) there is more variation in size 
with the smallest being 3 Sagittarii (28 Do) and one of the largest being B 
Doradts at 71 Do. One of the most famous Cepheids is Polaris (« Ursae Minoris). 
What all Cepheids have in common is that they are dying high mass stars. Oddly 
enough 46 Cep was not the first of the class to be recognized: that honor goes to n 
Aquilae, so maybe they should rightly be called Aquilids? 

¢ Cephei is another variable, this time belonging to the 6 Scuti class. Pulsing 
at just under one hour - 59™ 53° to be exact - « Cep is the second fastest in the 
class, beaten only by V1644 Cygni at just under 45™. 

Cepheus is home to several supergiant stars including the 230 Do C Cephei of 
spectral class K1, and the slightly smaller v Cephei at 222 Do which is a rare A2, 
the largest visible without optical aid. But compared to p Cephei these two stars 
look like dwarfs. Sir William Herschel said of 1, Cep that it is the reddest star in the 
sky and nicknamed it the ‘Garnet Star’. What he did not know at that time was 
that it is also one of the largest stars visible to the naked eye at an estimated 1,650 
Do. To put that into context, it is equivalent to 15.4 AU. Replace the Sun with p 
Cep and it would easily swallow up the orbit of Jupiter and stretch mid-way to 
Saturn. . Cep is a semi-regular SRc variable, its magnitude fluctuating between 
m, +3.43 and +5.10 over 730 days. The star is enveloped in a thick dust cloud and 
this, coupled with a fair amount of interstellar dust, actually reduces its 
brightness by 1.5 magnitudes. Larger again is VV Cephei, though by how much 
is debatable. Research puts its diameter at about 2,000 Do. That’s 18.6 AU or 
about as large as Saturn’s orbit. Like 1, Cephei it belongs to spectral group M2, its 
surface temperature a cool 3,500 K. It is also variable between m, +4.80 and +5.36 
with a period of 7,430 days or 20.3 years. The variability on this occasion is due 
to the presence of a B8 dwarf in an orbit that averages 25 AU. Although much 
smaller than the primary star, the dwarf has considerable density and 
gravitationally distorts its gigantic companion into a teardrop shape. As it does 
so it draws off matter into a hot circumstellar disk. A fifth gigantic star also exists 
in Cepheus. An estimated 1,520 Do V354 Cephei lies at a distance of about 
9,000 ly and so only appears as an11th magnitude object. It’s size would place it 
midway between the orbits of Jupiter and Saturn. 

A couple of strays have found their way in and out of Cepheus. R Cephei is 
not in Cepheus at all but is well within the boundaries of Ursa Minor near 4 UMi. 
And despite its designation, it is debatable as to whether this m, +8.5 star is 
variable. What used to be called 2 Ursae Minoris was in the Little Bear but when 
the constellation boundaries were redrawn in the 1920s it found itself in 
Cepheus. It is now referred to by its other designations, most notably HD 5848 
or HR 285. 

At my +11.5 the planetary nebula NGC 40 is not easy to find but it represents 
what the Sun is likely to look like in about 6,000 million years. About 3,000 ly 
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away and one light year across NGC 40 is the expanding shell of gas which the 
parent star has blown off as it began the final stages of its demise. The remnant 
white dwarf has a surface temperature of 50,000 K and pours heat into the 
nebula. A ferocious 1,000 km/s stellar wind also compresses the nebula 
increasing the temperature to millions of degrees. 


Open clusters in Cepheus 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
IC 1396 90' 71 2,700 11 HD 206267 = 221 +3.5 
my +5.62 
NGC 188 49’ 95 6,700 4,300 HD 3161 95 +8.1 
my +7.13 
NGC 7160 40’ x 90'29 x 66 2,500 19 HD 208218 66 +6.1 
my, +6.64 
NGC 7235 25' 67 9,200 12 HD 239886 = 25 +7.7 
my +6.64 
NGC 7380 65' 137 7,300 12 HD 215907 96 +7.2 
my +6.36 
NGC 7510 17’ 33 6,800 38 HD 240221 11 +7.9 
my +8.75 


*May not be a cluster member. 


Cetus 


Constellation: Cetus Hemisphere: Equatorial 
Translation: The Sea Monster Area: 1,231 deg” 
Genitive: Ceti % of sky: 2.984% 
Abbreviation: Cet Size ranking: 4th 


Perseus was said to have rescued Andromeda from Cetus. The constellation is 
sometimes depicted as a sea monster and sometimes as a whale. 


a Ceti or Menkar is a dying red giant. Some 77 Do across it lies at a distance of 
220 ly and appears as a my +2.45 object making it the second brightest star in the 
constellation. Its magnitude fluctuates irregularly by a few percent so it is classed 
as an Lb variable. An M1.5 it burns at a cool 3,500 K, slightly hotter than the 
spots found on our own Sun, and it is heading towards us at 26 km/s. 

Brighter by half a magnitude B Ceti or Diphda is also much closer to us at 95.8 
ly. It is a yellow giant, 17 Do, and is borderline G9.5 / KO. On its way to 
eventually becoming a red giant it is unusual in that it is a bright X-ray source, 
one of the brightest in our neck of the Galaxy. The theory is that rapid rotation 
causes strong magnetic fields which heat the corona to several million degrees 
generating X-rays in the process. The problem is that B Ceti rotates at just 13 km/ 
s, a leisurely stroll in galactic terms and too slow to produce the observed effect. 
Its spectral signature also suggests it left the Main Sequence long ago but high 
levels of X-rays indicate that it is only just leaving this phase. Obviously there is 
more going on with 6 Ceti than we understand. 

y Ceti is a close double - actually a triple - and well worth taking time to 
observe. Sometimes described as blue and yellow, sometimes as white and 
yellow, the primary star, y* Ceti, is a +3.54 magnitude A2 dwarf of 1.7 Do and 
with a luminosity of 19.7 Lo. At 2.8” (PA 298°) is y® Ceti, an F3, 1.3 Do across 
and with a luminosity of 1.6 Lg but much fainter at my +6.25. In real space terms 
they are separated by at least 60 AU and have an orbital period of about 320 
years. A decent size telescope will reveal a 10th magnitude K5 dwarf, about half 
the size and mass of the Sun, 14’ away. If it is part of the system then it is in an 
unstable orbit of at least 18,000 AU and with an orbital period of at least 1.5 
million years. 

The fourth magnitude 6 Ceti now lies 19’ north of the Celestial Equator but 
was until 1923 in the Southern Celestial Hemisphere and has migrated due to 
precession. It is a typical 8 Cepheid pulsating variable: a B2 (the most common 
kind), an amplitude of 0.05 magnitude (the most common kind), an absolute 
magnitude of M, -3 (the most common kind), a diameter of 6.9 Do (a bit on the 
large side) and a period of 3" 52™ (the most common is around 4.5 hours). 
Perhaps in a parallel universe 8 Cepheids are known as 6 Cetids. Meanwhile, in 
the parallel world of cyberspace 6 Ceti seems to have acquired the proper name of 
Phycochroma meaning ‘Seaweed-colored’. As 6 Cet is, at best, m, +4.05 and too 
faint to display any color and is, besides, a blue B2 and not seaweed green or 
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1000 Do 
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brown then the likelihood of this name being real beggars belief. All mention of 
Phycochroma seems to track back to just one unreliable Internet source. 

It is often said that looking at stars is like looking back in time. Looking at a 
star that is 100 ly distant means that we are seeing the star as it was a century ago, 
not as it is now. x? Ceti adds an entirely new dimension. This star may well tell 
us what our own star looked like 3,750 million years ago. x’ Cet is a G5, 0.99 Do, 
0.78 Lo star just 29.9 ly away. It has 10% more metals than the Sun but is 
otherwise a good solar analog. It is also young. Very young. Somewhere between 
650 and 800 million years old compared to our ancient 4,560 million year old 
Sun. Its magnitude varies by a few percent but with two or three different 
periods: 9.2 and possibly 9.3 days and 8.9 days. The variability is thought to be 
due to large individual or large groups of dark starspots moving across the surface 
as the star spins. It has long been known that the Sun rotates differentially: it 
spins faster at the equator (one rotation taking about 25 days) than it does at the 
poles (about 30 days). A similar thing seems to be happening with x! Cet - two or 
three indicators of differential rotation. Like the Sun «x! Cet has a starspot cycle of 
5.6 years, about half of the Sun’s 11 year cycle. Where x’ Cet differs from the Sun 
is that it is known to undergo massive magnetic field collapses that lead to 
coronal mass ejections on a gigantic scale producing ‘superflares’ 100 to 10 
million times more energetic than those released by the Sun. Astronomers are 
fairly certain that the Sun is not currently a flare star but if x’ Cet is really a 
‘young Sun’ then it may be that the Sun too was once a superflare star. x? Ceti is 
also a G-class (G8.5) but totally unrelated at ten times the distance. Its apparent 
magnitude is my, +5.69. 

p Ceti is the brightest of a quartet of stars 84.3 ly from Earth. An FO of 1.7 Do 
it is a suspected 6 Scuti variable. Not an awful lot is known about its three 
companions - they may not all be part of the same system - except that they 
appear to be a G2, a G3 and a G6 dwarf. This small cluster is part of the Hyades 
Moving Group. 

o Ceti is much better known as Mira, the star that gives its name to the Mira- 
type variables. When it is at its brightest it can reach 2nd magnitude, although 
3rd is the norm, at which point it is of spectral class MS. But as it fades to 8th, 9th 
or even 10th magnitude it changes to an M9, the cycle taking 331.96 days. Lying 
at a distance of 419 ly the diameter of Mira swings between 500 and 1,000 Do as 
it pulsates, struggling to find some sort of equilibrium but failing as it progresses 
to its inevitable death when it will puff off its outer layers and leave behind a 
white dwarf. Hurtling through the interstellar medium at 79 km/s Mira leaves 
behind a shockwave 15 ly long. It is not alone however. As if to serve as a 
constant reminder of its fate a white dwarf is on orbit around Mira at a distance 
of about 70 AU and with an orbital period of around 400 years. Matter ejected 
from Mira is forming a disk around the tiny companion star. 

Literally thousands of Mira-types have been located with periods of between 
80 and 1,000 days and amplitudes of 2.5 to 11 magnitudes. They are always red 
giants and belong to M, S (zirconium) and C (carbon) spectral classes. They sit in 
what is known as the Asymptotic Giant Branch (AGB) of the Herztsprung-Russell 
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diagram: a phase which all low to intermediate mass stars (0.6 to 10 Mo) pass 
through during the latter stages of their life cycle. The internal structure of such 
stars can be separated into four zones: an inert core of oxygen and carbon, a 
helium burning shell where helium is fused into carbon, a hydrogen burning 
shell in which hydrogen is fused into helium and an extended outer envelope 
that has a composition closely matching more middle aged ‘normal’ stars. As M- 
variables change size they distort into asymmetrical shapes. 

t Ceti holds a special place in the annals of astronomical history. In 1960 it 
was one of two stars chosen by Frank Drake to launch what became SETI, the 
Search for Extra-Terrestrial Intelligence. The other star was ¢ Eridani. t Cet was 
chosen because of its Sun-like properties: it is a G8.5, 80% the size of the Sun but 
less than half as luminous. Although there are better solar analogs its real 
attraction is its distance - just 11.9 ly, the closest Sun-type star to us (the next 
closest are n Cas, 5 Pav and 82 Eri all of which are 19 ly away). Despite intensive 
monitoring no signals were ever discovered and we are fairly certain that no 
planets orbit t Cet. 

Currently only 8.73 ly from Earth - the 6th closest star system - Luyten 726-8 
was even closer about 28,700 years ago at just 7.2 ly. Willem Luyten (1899-1994) 
discovered this binary system of red dwarfs in 1948-49. They are better known as 
BL Ceti and UV Ceti and are almost identical. BL Ceti is an M5.5 while UV Ceti 
is an M6. They both have masses of 0.1 Mo and diameters of 0.14 Do. BL is 
thought to be more luminous than UV, but only just!: 0.00006 Lo vs. 0.00005 Lo. 
They orbit one another with a period of 26.5 years during which their distance 
varies between 2.1 and 8.8 AU. A cool 2,670 K they are normally 12th magnitude 
but they are also both flare stars. The most dramatic is UV Ceti which typically 
can brighten fivefold in less than a minute before fading back to ‘normal’ over 
2-3 minutes. However, in 1952 it brightened by a factor of 75 in about 20 
seconds. It is sometimes referred to as Luyten’s Flare Star. In about 31,500 years 
from now it will pass within 0.93 ly of ¢ Eridani, a star which is suspected of 
having a Kuiper Belt and Oort Cloud. If that is the case then the passage of the 
BL-UV Ceti pair could disrupt numerous comets, sending them hurtling inwards 
towards ¢ Eridani. Any planets in orbit around the star could be in for a 
pounding. 

Cetus contains a couple of supergiant stars. 3 Ceti is 211 Do (2 AU) and marks 
the outermost boundary of the constellation at 1,607 ly. A K3 star it is more than 
2,000 times as luminous as the Sun. At 10 pc it would rival Venus at M, -4.4. 
More than twice the size of 3 Cet is T Ceti or HD 1760, an MS red giant which, 
not surprisingly, is also a semi-regular SRc variable with a period of 158.9 days 
during which its magnitude changes from m, +5.0 to an invisible m, +6.9. It is 
the brightest star in the constellation with an absolute magnitude of M, -6.2. 


Chamaeleon 


Constellation: Chamaeleon Hemisphere: Southern 
Translation: The Chameleon Area: 132 deg” 
Genitive: Chamaeleontis % of sky: 0.320% 
Abbreviation: Cha Size ranking: 79th 


An inconspicuous constellation near the South Celestial Pole, the Chamaeleon 
was the invention of the 16th Century astronomer and cartographer Petrus 
Plancius working on the observations of the Dutch explorers Pieter Keyser and 
Frederick de Houtman. Remarkably it has survived more than 400 years whilst 
others, such as the reindeer and the cat, have long since disappeared. The 
constellation is thought to be of little interest and even the great Robert Burham 
Jr devoted just a single page to it in his Celestial Handbook. 


a Chamaeleontis is the brightest star in this constellation but at m, +4.06 it is 
not exactly brilliant. Measurements have put the star as big as 3.0 Do but this has 
recently been revised to 1.8 Do with a mass of 1.6 Mo. An FS it lies at a distance 
of 63.5 ly and rotates at 29 km/s taking just over 3 days to turn once in its axis. 

B Chamaeleontis is a little larger than « Cha, 3 Do, but much farther away at 
271 ly. A bluish Bé6 it has a rotational velocity of 260 km/s, a bit on the high side 
for B4s which average 182 km/s but not particularly unusual. It takes 14 hours to 
spin once. 

At 53 Do y Chamaeleontis is the largest star in the constellation and also 
one of the most luminous at 296 Lo. An MO giant it has a temperature of about 
3,800 K. It may be variable and has the catalog number NSV 4913, the NSV 
standing for New Suspect Variable. 

5 and 8* Chamaeleontis may appear close together on the celestial sphere but 
are actually separated by 10 ly. 5' Cha is the fainter of the two at m, +5.50 but larger 
at 12 Do. It is also the closest at 354 ly. &* Cha is brighter by more than a full 
magnitude and much smaller at 3.9 Do. The secret, of course, is in their respective 
luminosities. 5’ being a KO comes in at 56 Lo whereas 8? is a 172 Lo B2.5. At 10 pc &* 
Cha would far outshine 8’ brightening to M, -1.7 compared to just My +0.2. Those 
with good optics and color vision describe the pair as blue and yellowish-orange. 

7 Chamaeleontis is a bluish-white B8 dwarf that has a temperature of around 
12,000 K. It is the brightest member of a 12 strong cluster lying at a distance of 316 
ly making it one of the nearest open clusters to us. It was the first open cluster to be 
discovered through X-ray observation and is the second closest T Tauri group (TW 
Hya is closest at 163 ly). It is much more compact than the TW Hya association 
however: just 2.6 ly across compared to 60 ly. The cluster is known as Mamajek 1 
after Eric Mamajek whose Australia based team discovered the association in 1999. 

The constellation is home to the Chamaeleon Dark Clouds, one of the 
closest star forming regions to us at somewhere between 375 and 701 ly. The 
clouds contain the ‘Cosmic Tornado’ (HH 49/50) an energetic outflow of 
material several light years long lying 450 ly from Earth. 
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Circinus 


Constellation: Circinus Hemisphere: Southern 
Translation: The Pair of Compasses Area: 93 deg” 
Genitive: Circini % of sky: 0.225% 
Abbreviation: Cir Size ranking: 85th 


The 18th Century astronomer Abbé La Caille seemed determined to fill the 
Southern skies with numerous small constellations of only a few faint stars each, 
including this one. The constellation lies right next to « Centauri. 


a Circini belongs to the unusual spectral class A7pSrCrEu: an A-type star that is 
peculiar in that it has higher than normal levels of strontium, europium and 
chromium. The magnetic structure of the star tends to localize certain elements, 
including these ones. At 1.8 Do « Cir is only 53.5 ly from Earth and is an « CV 
rotating variable which fluctuates between my, +3.18 and +3.21. 

At 1.8 Do B Circini matches « Cir in size. An A3 it spins at 60 km/s - just half 
the average rotational velocity for this class of star - taking just 36.4 hours to 
complete one revolution. 

The brilliant white 6 Circini is nearly 6,400 ly from Earth and so appears as a 
faint 5th magnitude star in our skies. At 10 pc however it would outshine Venus 
at M, -4.8. Belonging to spectral class 08.5 is has a luminosity of about 29,000 
Suns. It is accompanied by a 10 solar mass partner in a 3.9 day orbit. The 
proximity of the two stars causes them to distort one another into ellipsoids. O8s 
are rare. They represent only about 6% of all the stars whose spectra have been 
measured and only five of these are visible without optical aid: that’s just 0.17% 
of all naked eye stars. 

6 Circini, a 5th magnitude B4, is a y Cas variable which ranges from m, +5.02 
to +5.44 with no discernable period. Some 834 ly away it has a diameter in the 
region of 6.5 Do and rotates at 100 km/s taking 3.3 days to turn once on its axis. 

Hipparcos measurements for HD 135591, a Sth magnitude O7, indicates a 
distance of about 163,000 ly. That would make it the most luminous star visible 
to the naked eye at an unbelievable 13.6 million Lo. At 10 pc it would have an 
absolute magnitude of My, -13 - as bright as the full Moon. However, there is 
considerable uncertainty about the measurement and the star could be as close as 
4,500 ly in which case it would only make My -5. HD 135591 is 102 solar 
diameters across and weighs in at 26 Mo. Like O8s, giant O7s are also very rare - 
only three are visible without optical aid - their life expectancy running to just a 
few million years. 
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Columba 


Constellation: Columba Hemisphere: Southern 
Translation: The Dove Area: 270 deg” 
Genitive: Columbae % of sky: 0.654% 
Abbreviation: Col Size ranking: 54th 


Another inconspicuous constellation Columba was introduced by the Dutch 
explorer Petrus Plancius in the 16th Century. It is assumed to be the Biblical dove 
which Noah released following the Deluge and which returned with a twig in its 
mouth indicating the water was receding. 


a Columbae or Phakt is a hot, fast spinning B7 star 268 ly from Earth. Its 
rotational velocity of 195 km/s pulls in the poles and causes the equator to bulge, 
ejecting a continuous stream of matter like a cosmic Catherine wheel. It is classed 
as a Be ‘emission’ star: its spectrum has prominent hydrogen emission lines. About 
6.5 times larger than the Sun it takes « Col just 1.7 days to spin once on its axis. 

Columba contains two stars that appear to be visitors from more distant parts 
of the Galaxy. The first is B Columbae or Wazn, an 11 Do K1 giant which is 
more of a warm yellow than orange. It is hurtling away from us at about 89 km/s 
— the average is 17 km/s - and has a space velocity of 112 km/s. It may well have 
been ejected from its original birthplace due to some cataclysmic event although 
it does not appear to be an interloper from the galactic halo. Halo stars tend to 
have a low metal content whereas £ Col is significantly more enriched in metals 
than our own Sun indicating an origin in the Galaxy’s spiral arms. It is also the 
closest of the Columba stars at 85.6 ly. 

p Columbae is also a speeding star, heading off into space at 109 km/s making 
it the fourth fastest star receding from us and the sixth fastest over all, at least as far 
as naked eye stars are concerned. Its space velocity is an estimated 150 km/s. Its 
origin is more certain. It appears to have been ejected from the Trapezium Cluster 
in the Orion Nebula, along with AE Aurigae and 53 Arietis, about 2.7 million 
years ago. Some 4.5 Do it is another B-class star (B1) with a rotational velocity of 
140 km/s and is 1,294 ly away. At 10 pc it would be the M, -4 luminary. 

The 1.5 Do BS 4 Columbae is an ellipsoidal rotating variable that changes in 
magnitude from m, +4.85 to +4.92 and back in 15" 21.5™. Nothing is known of 
its unseen companion. 

At 1,463 ly o Columbae is the most distant star in the constellation. At 1.7 Do 
and 1,010 Log it is also by far the most luminous F2 dwarf visible without optical 
aid. 


Globular cluster in Columba 


Name Size Size Distance Age Apparent 
arc min ly ly million yrs magnitude my 


NGC 1851 11’ 126 39,500 11 +7.1 
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Coma Berenices 


Constellation: Coma Berenices Hemisphere: Northern 
Translation: The Hair of Berenice Area: 386 deg” 
Genitive: Comae Berenicis % of sky: 0.936% 
Abbreviation: Com Size ranking: 42nd 


This star-poor but galaxy-rich region of the northern sky - it includes part of the 
Virgo cluster of galaxies - represents the hair of Queen Berenice II of Egypt which 
she cut off as a sacrifice to the gods for the safe return of her husband King 
Ptolemy III. The constellation is home to the North Galactic Pole situated at RA 
12" 51™ 26.282, Dec +27° 07’ 42.01”. 


a Comae Berenicis at m, +4.38 is actually the second brightest star in the 
constellation. Possibly slightly variable but probably not, it is a binary system of 
what seem to be identical F5 dwarfs, each slightly larger than our own Sun. Seen 
edge on the stars appear to swap positions in a straight line. Although they never 
separate by more than 1” in real space they can orbit as far apart as 19 AU (the 
same distance Uranus is from the Sun) and come as close as 6 AU (slightly farther 
than Jupiter), a complete orbit taking 25.87 years. The system is just 46.7 ly away. 
a Com’s proper name is Diadem, a jewel worn in the hair. 

Closer by 17 ly and brighter by 0.13 magnitudes, 8B Comae Berenicis is a 
solar analog of 0.95 Do and 1.36 Lo. Belonging to spectral group GO the star 
appears as m, +4.25 and lies at 29.9 ly. With a rotational velocity of 4.4 km/s - 
twice as fast as the Sun - B Com completes a full rotation in only 11 days. It 
shows signs of magnetic activity and appears to have a starspot cycle of 16.6 
years, not unlike the solar sunspot cycle of 11 years. 

At m, +8.19 FK Comae Berenicis is well beyond even the most keen sighted 
people. It is an important star, however, in that it lends its name to a particular 
type of variable. FK Com is the prototype of a small group of rapidly rotating stars 
that fluctuate in brightness because of surface features, most likely star spots. 
They all belong to G or K spectral classes, they are all rapid rotators - FK Com 
rotates at 160 km/s and is a GS - and they are all giants. FK Com itself varies by 
0.1 magnitude with a period of 2.412 days. There is only one naked eye FK Com 
variable; 15 Monocerotis. 

The bluish-white A3 star 13 Comae Berenicis is an « CV rotating variable 
which barely fluctuates between my +5.15 and +5.18. About 3.5 Do it has a 
rotational velocity of 55 km/s taking just over 3 days to complete a single turn. 

24 Comae Berenicis is a nice binary for a binocular. The main component is 
amy, +4.99 magnitude K2, the companion a white A9 of m, +6.56 at PA 271°. It is 
an optical illusion. In reality they are separated by 2,000 ly with the K2 
component being closest to us at 614 ly. 

Jim Kaler, Professor Emeritus of Astronomy at the University of Illinois, has 
unofficially named 31 Comae Berenicis Polaris Galacticus Borealis or 
PolGarBol for short due to the fact that it very nearly marks the position of 
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the North Galactic Pole. A GO class star, 9.3 Do and 307 ly distant it radiates with 
the luminosity of 77 Suns. Its rotational velocity is somewhat on the high side at 
66 km/s with the result that it generates a large amount of X-rays. 

The open star cluster Melotte 111 is the third closest cluster to us at just 284 
ly. Named after P.J.Melotte’s catalog reference published in 1915 it was not 
actually recognized as a true cluster until 1938. Containing about 40 stars it has 
an estimated age of 400 million years. Its stars range from m, +5 to about +10 
with the A-class stars in greater abundance at greater distances and F-class stars 
dominating the part of the cluster closest to us, although this may be due to 
observational bias. The cluster is moving parallel to the Sun and so membership 
is determined by a combination of distance (224 to 349 ly) and radial velocities 
that are close to zero. 


Open and globular clusters in Coma Berenices 


Name Size Size Distance Age Brightest No. stars Apparent 

arc min ly ly million star in my, magnitude 
yrs region* >+12* my 
Melotte 111 417’ 38 313 450 12 Com 281 +1.8 
my +7.80 

M53 13’ 206 54,500 12,500 Globular cluster +7.6 

NGC 4147 4’ 239 205,000 17,000 Globular cluster +10.3 

NGC 5053 10.5’ 163 53,500 12,500 Globular cluster +9.5 


*May not be a cluster member. 


Corona Australis 


Constellation: Corona Australis Hemisphere: Southern 
Translation: The Southern Crown Area: 128 deg” 
Genitive: Coronae Australis % of sky: 0.310% 
Abbreviation: CrA Size ranking: 80th 


This crown of 10 stars lies at the forefeet of Sagittarius and behind the sting of 
Scorpius. One of Ptolemy’s 48 constellations it is sometimes called Corona 
Austrina. 


« Coronae Australis or Meridiana is a fast spinning AO star 130 ly from Earth. 
With a rotational velocity of at least 201 km/s and a diameter of 2.2 Do it 
completes a full rotation in just 13.3 hours, compared to the Sun’s 25 days. It 
appears to have a cool dusty disc that produces a prominent infrared signature. 

The KO giant B Coronae Australis is uncommonly luminous and large for its 
class. It measures 43 Do - only a couple of other KO stars are larger - and its 
luminosity is a brilliant 730 Lo. Typically it should be 90 Lo. This makes it one of 
the most luminous naked eye KO stars. By comparison the smaller 11 Do 
6 Coronae Australis, a K1, has a luminosity of 34.2 Lo. 

y Coronae Australis is a binary system of two identical F7 dwarfs, 1.3 Do 
and lying at a distance of 58.4 ly. Each about 4.7 times as luminous as the Sun, y* 
CrA is a m, +4.91 while y® CrA comes in a tenth of a magnitude dimmer at m, 
+5.01. Together they have a combined magnitude of +4.36. The two components 
have an orbital period of 120 years. 

The F4 dwarf ¢ Coronae Australis is variable between m, +4.74 and +5.00 
with successive maxima (or minima) occurring as regular as clockwork at 14° 
11™ 39°. Almost 100 ly from Earth ¢ CrA is a close binary system, so close in fact, 
that the two stars are almost touching. Known as an EW or W UMa eclipsing 
variable (after the first such system to be recorded, W Ursae Majoris) the two stars 
significantly distort one another as they dance their rapid orbit. Such systems are 
not unusual - about 1% of all stars evolve into this arrangement - but among the 
naked eye stars only a couple of other example exists. EWs all have periods of less 
than a day and belong to spectral classes F-G or later. What eventually happens 
to EW systems is not well understood. They may merge into one star or perhaps 
become unstable and tear one another apart. 

Good skies and a modest telescope - at least a 75 mm (3”) but preferably a 100 
mm (4”) - will help you locate the 12th magnitude star R Coronae Australis 
mid-way between and slightly to the north of a line from y to ¢e CrA. A young B5 
star at about 420 ly R CrA marks the position of the Corona Australis molecular 
cloud, the birthplace of new stars and one of the closest molecular clouds to us. 
At the heart of the cloud is a loose cluster of about 30 young stars showing a 
range of masses and at various stages of evolution but all essentially protostars. 
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Corona Borealis 


Constellation: Corona Borealis Hemisphere: Northern 
Translation: The Northern Crown’ Area: 179 deg” 
Genitive: Coronae Borealis % of sky: 0.434% 
Abbreviation: CrB Size ranking: 73rd 


The Northern Crown is associated with several legends the most well known of 
which is the story of Dionysus (or Bacchus) who, wishing to prove that he was a 
god to Princess Ariadne of Crete, cast her crown into the heavens where the 
jewels turned to stars. 


a Coronae Borealis is also sometimes referred to as Gemma, the ‘Jewel in the 
Crown’ but it is more usually called Alphekka. It is an Algol-type or EA variable 
with a period of 17° 8" 38™ during which its magnitude changes by a tenth from 
my, +2.21 to +2.32 and back again. The cause of this variability is a regular eclipse 
by a smaller, cooler companion. The primary star is a 2.7 Do, AO dwarf with a 
temperature of 8,500 K and a luminosity of around 56 Lo. The secondary is an 
early G-class Sun-like star, about 0.9 Do, in an orbit that brings them to within 
0.13 AU (19.5 million km) and then out to 0.27 AU (40.4 million km). «“ CrB is 
surrounded by a dusty disk while «® CrB is a bright X-ray source suggesting solar 
type magnetic activity. « CrB is the only star in the constellation heading away 
from us and is believed to be a member of the Sirius Supercluster. 

The 2.5 Do B Coronae Borealis or Nusakan is a chemically peculiar star with 
not quite the right mix of chemical elements and about 2,000 K hotter than it 
should be. Such odd dwarfs are thought to have pools of elements concentrated 
in large and strongly magnetic starspots. This reveals itself in its variability. 
Classed as an « CV rotating variable its magnitude changes between my, +3.65 and 
+3.72 with a period of 18¢ 11" 41™ between successive maxima or minima. 
Regarded as an FOp - ‘p’ for ‘peculiar’ - 8 CrB lies at a distance of 114 light years. 

y Coronae Borealis is a 5 Scuti pulsating variable and a binary. Belonging to 
spectral class B9 this 3.4 Do star has a period of 43” 12° during which it 
fluctuates between my, +3.80 and +3.86 and back again. Its 6th magnitude 
partner is an A3 dwarf about 1.3 Do with an orbital period of 92.94 years during 
which their separation changes from 17 AU (a little less than Uranus’ distance 
from the Sun) to 49 AU (the same as Pluto at its furthest point). 

The variability of 6 Coronae Borealis was only recognized in 1987. 
Astronomers were monitoring the variable R Coronae Borealis and were using 
5 CrB as the control against which R CrB’s magnitude could be compared. A series 
of strange results let to the discovery that 5 CrB itself varied between m, +4.57 and 
+4.69. The variability is linked to large starspot activity which appears to be 
cyclical: the star did not appear variable throughout the whole of 1989. 

Marking one end of the Crown 0 Coronae Borealis could be one of the 
fastest spinning stars visible in the night sky. At the lower end of the scale its 
rotational velocity has been estimated at 271 km/s but various other observations 
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have resulted in 320, 349, 385 and 393 km/s. To add to the confusion is the 
uncertainty over its size: anywhere from 1.7 Do to 3.4 De. We do know, or at 
least we think we know its distance - 311 ly give or take 18 ly. And we also know 
it is a B6. But it is a strange star. Its rapid rotation hurls vast amounts of matter 
from its equatorial region, creating a band of debris that radiates energy - a 
typical Be ‘emission’ star - but unlike some Be stars that flare up, 8 CrB dimmed 
by 50% in the early 1970s and went through a series of irregular magnitude 
fluctuations. It also has a companion (not responsible for the dip in magnitude) 
which is likely to be an A2 dwarf in a 300 year orbit with a separation of at least 
85 AU. The star is now reasonably settled but no one knows what it will do next, 
or when. 

At the other end of the Crown is 1 Coronae Borealis, a chemically peculiar 
AO star about twice the size of the Sun but nearly 100 times as luminous. Not 
much farther than 6 CrB it is 351 ly distant. It rotates at a more leisurely 10 km/s. 

At 6.6 times the diameter of the Sun x Coronae Borealis, a K1 about 102 ly 
from Earth, is on its way to becoming a true giant - which is bad news for the 
Jovian size planet that orbits the star. Taking 1,119 days to complete a full orbit, 
during which its distance from « CrB will vary between 2.2 and 3.2 AU, the 
planet will be swamped with radiation as the star approaches its red giant phase 
and swells to 2 AU across, and then deprived of heat and light as the star shrinks 
to a white dwarf. 

v' and v” Coronae Borealis are a faint but easy pair to separate with a 
binocular and even without optical aid if the sky is sufficiently dark. v, the most 
northerly of the two, is an M2 red giant of 34 Do. The other star is an orange KS 
somewhat smaller at 29 D5. However, they are not related: v' is heading south 
while v” is moving north. The strange thing about this pair though, is that they 
may be the same distance from us. v’ is estimated to be between 506 and 606 ly 
while v? is between 497 and 593 ly. These are stars that will pass in the night or, if 
they do get too close, will gravitationally link to one another and form an orbital 
binary system. 

Sun-like stars that have planetary systems always generate interest within the 
astronomical community, and p Coronae Borealis was one of the first to do so. 
Just 56.8 ly from Earth p CrB is a GO, possibly a G2 (like the Sun), a little bit larger 
than the Sun at 1.2 Do and rather more luminous at 1.69 Lo which could be due 
to its greater age estimated to be 10,000 million years compared to the Sun’s 
4,567 million years. The star has a dusty circumstellar disk extending out to 85 
AU, similar to our own Kuiper Belt, and angled at 46° to our line of sight. This 
may indicate the direction in which the star’s poles are pointing as such disks are 
thought to extend from the star’s equator. Imbedded in the disk is a planet with a 
mass of at least 1.04 Jupiters. It orbits very close to the star at an average of 0.22 
AU, about half the distance of Mercury from the Sun, and completes a full orbit 
in about 40 says. 

Whatever p CrB can do o Coronae Borealis can do twice as well. A binary 
system, o” CrB is a G1 star about the same size as the Sun, slightly more massive 
at 1.14 Mo but slightly less luminous at 0.85 Lo. With a rotational velocity of 30 
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km/s it spins 15 times faster than the Sun completing one rotation in just over 40 
hours. Its companion, o® CrB, is another solar analog. A GO, again about the 
same size as the Sun, it has a very similar mass of 1.09 Mo, is rather more 
luminous at 1.17 Lo and rotates at 25 km/s. A highly elongated orbit brings the 
two stars to within 31 AU (as close as Neptune gets to the Sun) and separates 
them by 225 AU. Situated 70.7 ly away the two stars shine at my +6.66 and +5.64 
respectively which combined give the appearance of a my, +5.30 star. It was once 
believed that two other stars were in orbit in this system but recent research has 
dispelled that notion. The system appears to be young: 100 million to 3,000 
million years. 


Corvus 


Constellation: Corvus Hemisphere: Southern 
Translation: The Crow Area: 184 deg” 
Genitive: Corvi % of sky: 0.446% 
Abbreviation:  Crv Size ranking: 70th 


Corvus is one of Ptolemy’s 48 constellations and is associated with neighboring 
Crater and Hydra. Apollo sent Corvus to fetch a cup (Crater) containing the 
water of life. As the crow was returning it spotted figs on which it decided to feed, 
letting go of the cup and spilling the precious water. Presenting the empty cup to 
Apollo the crow lied that it had been attacked by the great water snake Hydra. 
Apollo knew this to be a lie and so cast the crow into the heavens followed by the 
cup, just out of the crow’s reach so it would experience thirst for eternity. 


When the fifth brightest star in a constellation is given the « designation then 
you know something is wrong. This is the case with « Corvi. At m, +4.02 it is 
outshone by 6 (42.63), y (42.54), 6 (42.93) and « (+2.99). Now it is easy to 
understand how Johannes Bayer could not decide which one was the brightest 
between 8 and y because the difference is just 9/100th of a magnitude, but 
between y and « it is an unmistakable 1.48 magnitudes! So what’s going on? 
« Corvi, or Alchiba to give it its proper name, is a bit of an unusual star. 
Previously believed to be a giant and now relegated to a dwarf F1 just 30% larger 
than the Sun, it burns hot but is under-luminous at 4.36 Lo when 6 Lo would be 
the norm. Perhaps « Corvi was brighter 400 years ago and has since dimmed? 

At 15.5 Do B Corvi or Kraz is the second largest star in the constellation. Some 
140 ly from Earth this G5 yellow bright giant has a temperature a few hundred 
degrees less than the Sun but is 132 times more luminous. At 10 pc it would shine 
at My, -2.1. Spinning at 17 km/s B Crv takes 46 days to make a full rotation. 

Lying 165 ly away is the 4.4 Dg y Corvi or Minkar. A B8 with a luminosity 350 
times greater than the Sun y Crv is a modest spinner at just 40 km/s: the average 
is 151 km/s although 20% of B8s have rotational velocities of 40 km/s or less. 
Clouds of mercury and manganese can be found in its upper layers. 

5 Corvi is a fine double for a small telescope or good binocular. The stars 
should appear white - the AO primary being of my +2.93 - and yellowish-orange, 
the KO secondary having a magnitude of mv +8.51, though in his Celestial 
Handbook Robert Burnham Jr notes that they are often said to be yellowish and 
pale lilac. Jim Kaler on his website says they are also regarded as being pale yellow 
and purple. They are separated by 24.2” at PA 214°. 

By far the largest star in the constellation the K2 giant ¢ Corvi is 57 times the 
size of the Sun but rotates just slightly faster at 2.6 km/s. As a result it takes 1,110 
days — 3 years - to turn once on its axis. Unstirred, its outermost atmosphere is no 
longer magnetically active. 

7 Corvi, a 1.5 Do F2 dwarf at 59.4 ly distance appears to have a belt of debris 
that spreads out to 200 AU from the star - four times the distance of our own 
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Kuiper Belt. There is some evidence that the debris within the belt is not evenly 
distributed but tends to gather in clumps. This could be due to resonance effects 
with a large planet which, during its orbit, periodically sweeps the debris from 
some parts of the belt and ejects it in other parts. So far however, no planet has 
been found. 


Crater 


Constellation: Crater Hemisphere: Southern 
Translation: The Cup Area: 282 deg” 
Genitive: Crateris % of sky: 0.684% 
Abbreviation: Crt Size ranking: 53rd 


Crater is inextricably linked to Corvus and Hydra (see Corvus). This is a faint 
constellation that is of little interest to most observers and even Robert Burnham 
Jr, who was never lost for words, could find nothing to say about it in his Celestial 
Handbook. 


a Crateris or Alkes is the third brightest star in the constellation, but only just. 
The brightest, by about half a mag, is actually y Crt at my, +3.56. « and £ are just 
about neck-and-neck at +4.08 and +4.07 respectively. A K1 giant of 15 Do « is 
among the 200 fastest moving naked eye stars. Its speed relative to the Sun is in 
the order of 130 km/s, some three to six times faster than our local neighbors. In 
25,000 years it will have left Crater altogether and taken up residence in Puppis. 
Spectroscopic studies have revealed that it has a very high metal content. 

Another high speed star is B Crateris which is hurtling through space at 68 
km/s but, unlike « Crt, is deficient in metals indicating it is an escapee from an 
older part of the Galaxy. Just 80% as big as the Sun this Al dwarf spins at 49 km/s 
taking 4 days to complete one turn on its axis. It is currently 266 ly away and 
may be a member of the Sirius Supercluster. 

The m, +3.56 y Crateris is the closest to us at 83.8 ly. Another A class, this 
time an A7, it is 1.8 Do and a binary, its companion also of the same spectral 
class - an A5 - with a magnitude of +9.6. 

¢ Crateris holds the record for the largest star in the constellation at 30 Do. 
Perhaps not surprisingly it is a KS. It is also the farthest at 364 ly and is the 
second most luminous at 119 Lo. 

The title for the most luminous goes to € Crateris at 122 Lo. A warm 
yellowish-orange this G8 giant is a dozen times larger than the Sun. 


182 The Star Atlas Companion 


Magnitude 
+ +5 


+4 
+3 


+2 


+ 

+ 
— 
+> 


+41 


€ Crt (K5) 
30 Do 
4Mo 
364 ly 
20 km/s 


Crater 


Apparent Magnitudes Absolute Magnitudes 


50 100 150 200 250 
Distance (ly) 


B Crt (A1) 
3.9Do 
2.7M5 
266ly 

Ry 49 km/s 

Rp 4days 


Crt (G8) 
12D, 
4M, 
350 ly 
Ry 19 km/s 
Rp 32 days 


Rp 36 days 


¥ Crt B (AS) 
0.14 Do 
0.5Mo 


y crt (a7) 28 


1.4.x 1.8? Do 
1.9M, 
83.8 ly 
Ry 144km/s 
Rp 14.4 hours 


Crux 


Constellation: Crux Hemisphere: Southern 
Translation: The Cross Area: 68 deg” 
Genitive: Crucis % of sky: 0.165% 
Abbreviation: Cru Size ranking: 88th 


Despite being the smallest of all the constellations Crux the Cross, or more 
commonly the Southern Cross, is arguably the most famous group of stars helped 
in no small measure by its appearance on the flags of several countries including 
New Zealand, Australia, Samoa, Brazil and Papua New Guinea. Originally it was 
part of the hind legs of Centaurus but became a constellation in its own right in 
the late 16th Century when pioneers from Christian Europe began exploring the 
southern oceans. It is set against the background of the Milky Way. Fifteen out of 
Crux’s 23 brightest stars - two-thirds - belong to spectral class B. 


To the naked-eye « Crucis or Acrux looks like a single star of m, +1.58 but a 
small telescope or binocular will reveal three stars. One of these - HD 108250, 
1.5’ to the south west - is not a member of the system. The two that are members, 
a’ and a” Crucis, are actually a threesome with «' Cru being a spectroscopic 
binary. «* Crucis is a 10 Do BO.5 of perhaps 14 Mo and rotating at 110 km/s 
taking 4.6 days to spin once on its polar axis. Very little is known about the 
spectroscopic component a?” Crucis except that it is in a 75.8 day long orbit 
which swings between 0.5 AU at periastron and 1.5 AU at apastron. Its mass is 
thought to be in the order of 10 Mo. a” Crucis is also a heavyweight at 13 Mo 
and 9 Do across. Such stars last less than 20 million years. The system is 321 ly 
away. The interloper in this story is HD 108250, a B4 of unknown size but 
probably in the range of 1.1 to 3.2 Do with an estimated distance of between 326 
and 526 ly. It also has a spectroscopic companion, 0.97 Moe which is in a 1.23 day 
orbit. 

The BO.5 6 Crucis is a B Cepheid pulsating variable (or B CMa, if you prefer). 
Over a period of 5" 30.7™ its magnitude dips from my, +1.23 to +1.31 and back 
again. At somewhere between 330 and 375 ly it has a luminosity of 12,000 Lo 
and a diameter of 7.1 Do. With a temperature of 27,000 K - 4% times greater 
than the Sun - it is one of the hottest B-class stars visible to the naked eye. It may 
or may not have one or more companions including a spectroscopic component 
in a 5 year orbit of 7 AU. 

B Cru may be closely related to a number of other stars in Crux including 6, 4d, 
uw’ and «? Cru. They are all B-class and are at roughly the same distance (353 to 
377 ly with a margin of error of about 20 ly), they all have very similar radial 
velocities (12 to 15.8 km/s) and they all have very similar proper motions of 
between -0.010” to -0.015” per year in Declination and a slightly broader -0.052” 
to -0.096” per year in Right Ascension. It would seem likely that these five stars 
had a common birthplace. 

Apart from B Cru there are three other 8 Cepheids in Crux. 6 Crucis is a 4.9 Do 
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B2 lying at 364 ly distance. Like most B-class stars it rotates at high speed — 135 km/s 
- and completes one full rotation in 1.8 days. Its variability has a period of 3" 
37.5™ during which its magnitude swings between m, +2.78 to +2.84. 4 Crucis is 
a smidgen larger at 5 Do and a B4 but around about the same distance - perhaps 
exactly the same distance - of 360 ly. Estimates of its rotational velocity are 
somewhat scattered between 280 and 330 km/s which means it rotates once 
every 18.4 to 21.7 hours. Of the four B Cepheids it has the longest period of 
9" 28™ 57° but the shortest amplitude of m, +4.62 to +4.64. The shortest period is 
that of 6? Crucis at 2" 8™ 1°. Its magnitude range is m, +4.70 to +4.74. @* Cru 
also has the slowest rotational velocity at 70 km/s. With a diameter of 5.6 Do it 
takes a leisurely 4 days to complete a single turn. 0? Cru’s apparent companion, 
6*Crucis, is an optical illusion: it is much closer — 230 ly - about the same size at 
5.1 Do, but considerably less luminous at 95 Lo. 

é Crucis is the ‘fifth’ star of the Cross, prominently placed between « and 8 
Cru. Most depictions of the cross include ¢ except for the national flag of New 
Zealand. This seems strange to us simple astronomers but no doubt a 
vexillologist would be able to offer a perfectly sensible explanation. 

The m, +5.9 « Crucis is part of NGC 4755, an open star cluster better known 
as Herschel’s Jewel Box. The cluster, which is about 6,500 ly away, contains about 
100 stars and is thought to be no more than about 10 million years old. Most of 
the stars lie within a 12 ly radius but there are a few farther out by as much as 25 
ly. Just to the south and east of « Cru is the Coalsack: a dusty nebula that shows 
up as a dark cloud against the star rich Milky Way background. Measuring 7° x 
5° the nebula is, in reality, 60 to 70 ly in diameter. It is perhaps the closest nebula 
to us at 500-600 ly. 

To the unaided eye p Crucis looks like any ordinary +3.7 magnitude star but a 
modest telescope or binocular will reveal its duality. The primary, u’, actually has 
a magnitude of my, +4.03. A rather modest spinning B2, only 48 km/s, it is 
estimated to be 3.1 Do with a mass of 8 Mo and luminosity of 2,400 Lo. Just 
34.9” away on the celestial sphere - 3,900 AU in real space - is its companion, 1. 
A touch smaller at 2.5 Do but significantly less luminous at 425 Lo and, as a 
result, fainter at my +5.17 this B5 star rotates at 230 km/s. The orbital period for 
the pair is about 68,000 years. The system, some 377 ly distant, is thought to be 
very young. 

Crux is hounded by a couple of imposters. B, 8, v and w Carinae make up the 
asterism of the Diamond Cross which is sometimes mistaken for Crux. A second 
False Cross, which looks even more like Crux, is made up of t and ¢ Carinae and 5 
and « Velorum. 

Two planets have been located in the constellation around HD 108147 and 
star number 127 in NGC 4349 which is part of an open cluster of at least 206 
stars. 
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Open clusters in Crux 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 4609 8.6 10 4,000 78 HD 110432 21 +6.9 
my +5.31 
NGC 4755 18’ 34 6,500 16 HD 111904 92 +4.2 
Jewel Box my +5.75 


*May not be a cluster member. 
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Constellation: Cygnus Hemisphere: Northern 
Translation: The Swan Area: 804 deg” 
Genitive: Cygni % of sky: 1.949% 
Abbreviation: Cyg Size ranking: 16th 


The Greek god Zeus is said to have transformed himself into a swan to court 
Queen Leda of Sparta. The result was a pair of eggs from which sprang Castor and 
Pollux, the Gemini twins. Cygnus is sometimes referred to as the Northern Cross 
and is set against a particularly rich part of the Milky Way. 


a Cygni, better known as Deneb, represents the tail of the swan (Deneb is Arabic 
for ‘tail’). Its modest magnitude of my +1.21 belies the fact that it is among the 
most luminous stars in the sky at 54,400 Lo. There has always been great 
uncertainty about the distance of Deneb. The most recent calculation suggests 
1,549 ly but with a considerable amount of error: anywhere between 1,338 and 
1,843 ly. The extent of this error latitude means that calculating Deneb’s 
properties is, at best, a bit of a gamble. It is a true giant of some 114 Do - a full 
Astronomical Unit across and a bit more - but with a range of between 99 and 140 
Do depending on how accurate our estimates are. It weighs in at 20 Mo. Placed at 
10 pc, the standard distance for measuring absolute magnitude, it would become a 
brilliant My, -7.5. Belonging to spectral class A2 its surface temperature is around 
8,500 K and it has a rotational velocity of 39 km/s, turning once on its axis once 
every 182 days if the star is 140 Do across, 148 days for 114 Deo and 128.5 days if 
the 99 Do estimate is correct. It is very slightly variable, fluctuating between m, 
+1.21 and +1.29, and is the prototype for stars that have a number of overlapping 
pulsation periods lasting from days to weeks. It is losing mass at a rate which is 40 
million times greater than the Sun, equivalent to an Earth mass each year. In 
16,000 BC Deneb was the Pole Star, 7° from the North Celestial Pole. Due to 
precession it will once again mark the direction of North around AD 9,800. 

The fifth brightest star in Cygnus, Albireo, was strangely designated B Cygni 
by Bayer. To the unaided eye it appears as a common or garden 3rd magnitude 
star but with a binocular or small telescope it can be separated into a binary of 
contrasting blue and yellowish-orange. Lying at a distance of 386 ly the primary 
is a K3 giant, 45 Do across and with a luminosity of 650 Lo. The secondary is a B8 
dwarf of 2.7 Do across and rotating at 220 km/s. At this speed the star rotates 
once in just half a day, its poles drawn in towards the center while its equatorial 
region bulges, spraying matter into space. No one is yet certain whether the pair 
are truly related: the orbit seems to be in the order of 75,000 years which is 
physically unstable. There is little doubt, however, that a third star in orbit 
around Albireo is a true companion. Too faint (my +5.50) and too close (an 
average of 60 AU) to the primary to be easily separated at the eyepiece the two 
stars have a 96.84 year orbital period, the fainter star being a B9.5 dwarf. 

y Cygni or Sadr is a bit of a rarity. Of the 37 naked eye F8 stars, 31 (84%) have 
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diameters of less than 3.6 Do. y Cyg isn’t one of them. This great lumbering giant 
is 76 Do across and appears to rotate at just 10 km/s. That’s five times faster than 
the Sun but it means that it still takes more than a year - 385 days - to revolve 
just once. Measuring rotation is not without its problems however, the accuracy 
of which partly depends on whether the star is sideways on to the Earth and we 
are therefore taking measures from the equator, or whether the star’s pole is 
pointing towards us which then gives the impression it is rotating more slowly 
than it actually is. Situated right in the middle of the cross its distance is thought 
to be about 1,524 ly by there is a margin of error of nearly 300 ly either way. In 
the longevity stakes, big is not good. Stars the size and mass of y Cyg tend to have 
life cycles measured in tens of millions of years compared to the Sun which will 
exist for about 10,000 million years. 

The third magnitude 6 Cygni is at least a binary and possibly a triple star 
system. At about 171 ly the main component is a B9.5 slightly more than five solar 
diameters across and almost three times as massive as the Sun. With a surface 
temperature of 9,800 K it is much more luminous at around 154 Lo. Just 2.4” away 
is an F1 dwarf, 1.5 Do and a faint m, +6.55. It is much cooler at 7,300 K and has a 
luminosity of 5.2 Lo. The two stars’ orbit is rather eccentric so that they can be 
separated by up to 230 AU but can also be as close as 85 AU. The orbital period is 
estimated to be 780 years. The third star is a difficult to spot 12th magnitude B9.5 
of about half the size and mass of the Sun. It is not absolutely clear whether it is a 
true orbital companion. Some 2,000 years after Deneb becomes the Pole Star, 5 
Cyg will take its place but will be much closer at less than 2°. 

At first glance the m, +2.46 ¢ Cygni looks like it is accompanied by a fainter Sth 
magnitude companion in a wide orbit. Both are yellowish-orange K giants: ¢ Cyg is 
a KO some 11 Do across while the other, T Cygni, is a K3 but more than twice as 
big at 23 Do. They are, however, a line of sight coincidence. ¢ Cyg is 72 ly away 
while T Cyg is about 400 ly and totally unrelated. T Cygni is a suspected pulsating 
variable that fluctuates by 5/100th of a magnitude with no particular rhythm. 

The diameter of ¢ Cygni has proven difficult to pin down. From the first 
measurements in 1922 its size has been variously quoted as being 9.8, 14, 14.7, 26, 
37 and 54 Do with the earliest estimate being 14 Do and the latest 37 Do. Of more 
certainty is its distance of 151 + 4 ly and its spectral class: a yellow G8. But even this 
is not pure. It contains enhanced levels of barium, a pollutant that tells of a once 
more massive companion that seeded ¢ Cyg with the element before dying. Now a 
white dwarf the two stars are in a 17.8 year orbit which varies between 8 and 13 AU. 

o' and o” Cygni, and 30 Cygni, look like a complex five star system but the 
reality is much simpler. o’ is an EA Algol eclipsing variable. The primary star, o’“ 
Cygni, is a k2 bright giant of perhaps 120 Do and a luminosity of about 4,200 
Lo. The secondary, o'® Cygni, is a B8 dwarf in a 10.4 year long orbit. Every 
3,784.3 days (10.36 years) it passes behind o'“ and the magnitude dips from m, 
+3.77 to +3.88 for 63 days. o7 is also an EA Algol eclipsing variable. The primary 
star, o7“ Cygni, is a K3 supergiant though nearly twice the size of o'“ at 230 Do 
and with a much higher luminosity of about 11,100 Lo. Its secondary, 078 
Cygni, is again a B3 dwarf which eclipses every 3.14 years when the magnitude 
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Giants, Supergiants and Hypergiants in Cygnus 
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drops from my +4.11 to +4.14. The 0” system, however, is much closer to us at 
1,109 ly while the o* system is at 1,353 ly. The two are not related. Then there is 
30 Cygni lurking around the two omicrons in the night sky but, in real space, is 
just 717 ly away and certainly not related being an AS dwarf of just 3.3 Do. 

Cygnus contains some enormous stars. Three are in the 100+ Do range and 
three are 200+ Do. « Cyg at 99 to 140 Dg has already been mentioned as has 0“ 
at 120 De and 0*“ at 230 Dg (see previous paragraph) while the barely noticeable 
Sth magnitude 55 Cygni is 131 Do and about 2,250 ly distant. It is also an « Cyg 
variable cycling between my, +4.81 and +4.87. At 929 ly can be found 47 Cygni, 
206 Do across and a K2 supergiant. If placed in the center of our Solar System it 
would just about fill the Earth’s orbit. Of similar size is € Cygni at 200 Do across 
(almost 2 AU) A K4.5 & Cyg believed to be at a distance of 1,177 ly. 

The 3rd magnitude P Cygni (aka 34 Cygni) could be one of the most 
luminous stars in the entire sky. Belonging to the rare Luminous Blue Variable 
(LBV) or S Doradis eruptive variable class of star it is thought to be around 
6,272 ly distant but with a considerable amount of uncertainty that could see it 
as close as 3,000 ly. At 75 De P Cyg is by no means the largest of stars but this 
19,000 K B2 supergiant is thought to be 500,000 to 900,000 times more luminous 
than the Sun. It has a checkered history. It appears to have been unknown prior 
to 8 August 1600 when it suddenly appeared as a new 3rd magnitude star. Over 
the next six years it slowly faded until it again disappeared only to suddenly 
return in 1655 before again gradually fading to below naked eye visibility in 
1662. Three years later it was back but continued to fluctuate until 1715 when it 
seemed to stabilize for a while at 5th magnitude. Since then it has slowly 
brightened so that today it is m, +4.81. For most of the past few thousand years P 
Cyg has been pumping out much of its energy in the ultra-violet region of the 
spectrum. As the star cools more of this energy appears in the visible spectrum 
hence the gradual increase in magnitude. Its unpredictable eruptions eject vast 
amounts of material into space at a speed of 300 km/s forming a series of rings 
around the star. Believed to be spinning at 65 km/s it takes 58 days to complete a 
single rotation. P Cyg is only a fleeting resident of the Galaxy, its lifespan just a few 
million years after which it will explode as a supernova or hypernova and perhaps 
collapse to form a black hole. There is only one other confirmed naked eye LBV, ¢? 
Scorpii. n Carinae is only a suspected LBV and S Doradis itself is at m, +9.57, so it 
is well worth keeping an eye on P Cyg - you never know when she’ll blow! 

Another variable worth watching is y Cygni - if you can find it. This Mira- 
type has a period of 408.05 days but for most of the time it is well below naked 
eye visibility, often as low as m, +14.2. When it does put in an appearance it can 
reach my, +3.3, though usually it is about 5th magnitude, but it is only then 
visible for a couple months. Sometimes its peak does not even attain m, +6 
before it slips back to minimum. Its diameter can shrink to 347 Do (3.2 AU) and 
swell to 555 Do (5.2 AU). We know that it is largest at minimum magnitude, but 
its distance contains a high element of uncertainty: it could be anywhere 
between 200 and 350 ly with the likelihood towards the farthest distance. y Cyg 
belongs to the rare S6 spectral class which means that its abundance of carbon 
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just about equals that of oxygen. Higher levels of carbon result in C-class stars. 
This is a planetary nebula in the making. Before too long the star will puff off its 
outer layers to enrich the stellar medium. 

Planetary systems around binary stars are uncommon but not unknown. 16 
Cygni is one such system. The stars are nearly identical twins. 16 Cygni A is a 
G1.5 dwarf of 1.4 Do, 1.02 Mo, and 1.6 Lo. It has a rotational velocity of 26.9 
km/s and spins once on its axis every 2.6 days. With a surface temperature of 
5,825 K its m, is +5.96. To the south east is 16 Cygni B: a G2.5 dwarf, slightly 
smaller at 1.2 Do, 0.97 Mo, and 1.3 Lo. It has a higher rotational velocity of 29.1 
km/s and spins once on its axis every 2.1 days. With a surface temperature of 
5,640 K its m, is +6.20. The system is 70.5 ly away and is believed to be 10,200 
million years old, more than twice the age of our own Solar System. The orbit is 
so large that the limited data available could result in several different orbital 
configurations. The best fit seems to be a period in excess of 18,700 years during 
which the two stars come within 404 AU of one another before separating by 
1,350 AU. Swanning around in this system is a single planet which is in orbit 
around 16 Cyg B. It is a sad fact that when astronomers are asked to catalog stars, 
planets, comets, asteroids, meteorites and the like then any semblance of logic 
completely abandons them. As a result the planet is now known as 16 Cygni B b 
rather than, say, the Henry Draper number HD 186408 b or even 16” Cygni b. 
Apart from its odd designation the planet is a typical Jovian-type, 1.68 Mj, a 
period of 799.5 days and an orbit that varies between 0.5 and 2.8 AU. 

SX Arietis-type variables are quite rare - only four naked eye examples exist, 
one of which is 28 Cygni. A 3.9 Do B2.5 (SX Arietis stars are all B-class) its 
magnitude switches between my, +4.91 and +4.97. 

29 Cygni is a double rarity. It has a very low metal content and is therefore 
classified as a ) Bodtis type star, but it is also a 6 Scuti pulsating variable with an 
amplitude of just 3/100th of a magnitude between m, +4.94 and 4.97. The period 
is 44™ 38° making it the fastest naked-eye 6 Scuti visible. 

59 Cygni is a quadruple star system. The main star is 11 Do and has a mass of 
7.5 Mo. It is a fast spinning B1.5 with a rotational velocity that could be as high 
as 375 km/s, which means that it may rotate once every 1.5 days. This superhot 
star - 25,500 K - has a subdwarf in orbit around it. With an orbital period of 28 
days it lies just a few AUs from the star. A second orbiter at 85 AU takes about 200 
years to complete a circuit around the main star. A B4 dwarf it is m, +7.5. Finally, 
at a distance of some 9,000 AU and with an orbital period in excess of 200,000 
years is a m, +9.4 AO dwarf. Just to make things even more interesting the 
primary is a y Cas eruptive variable with a magnitude range of my, +4.49 to +4.88. 

The German mathematician and astronomer Friedrich Wilhelm Bessel was 
always up for a challenge. Though he lacked a university education and any 
formal training in astronomy he nonetheless became the Director of the 
Konigsberg Astronomical Observatory in Prussia at the age of 26 from where he 
precisely measured the positions of 50,000 stars. His greatest achievement 
though was in 1838 when he became the first person to measure the parallax of a 
star. The star in question was 61 Cygni which he estimated was 9.8 ly away. 
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Today we know that it is 11.36 ly distant and the closest star to us in the 
Northern Celestial Hemisphere, and getting closer at 64.3 km/s. In 19 million 
years it is likely to be the brightest star in the sky. This faint, my +5.23 orange KS 
is actually a binary. Its companion is also a K-class (K7) in a 722 year orbit. 
Hurtling through space at 105 km/s relative to the Sun these two stars are visitors 
from another part of the Galaxy. If they remain on the current course and speed 
they will end up in Cassiopeia in 25 centuries time. 

Another fast moving star is 72 Cygni. Currently 256 ly away it is heading our 
way at 66 km/s and moving at 91 km/s relative to the Sun. It isa 14 Do K1 giant 
which takes 41.7 days to turn once on its axis at 17 km/s. 

The constellation is also famous for giving us the first evidence of an X-ray 
source being associated with a black hole. In 1964 Geiger counters aboard two 
Aerobee rockets detected a very strong X-ray source that was initially called 
Cygnus XR-1 and which is now better known as Cygnus X-1. Coming from 
6,000 to 7,000 ly away the X-rays are caused by matter being drawn off a massive 
star into a black hole. As the matter is compressed its temperature rises by several 
million degrees generating vast amounts of X-rays and y-rays. The star in this 
system originally began life just 5 million years ago as a 40 Mo supergiant. 
Currently - well, 7,000 years ago - it had lost nearly 80% of its mass to the black 
hole. Its diameter was around 23 Do, its temperature 30,000 K but its luminosity 
was a staggering 400,000 Lo. It shines at just m, +8.93 but this is deceptive. 
Between it and us is a significant amount of interstellar dust without which the 
star would be visible to the naked eye. At 10 pc it would be M, -6.7. The black 
hole is thought to be more than twice the size of the star at 52 Do, the pair 
orbiting one another every 5.6 days at a distance of just 0.2 AU (30 million km). 

A planet may be in orbit around HD 188753 but it is, as yet, unconfirmed and 
disputed by some. HD 188753 lies at a distance of 146 ly. At my +7.43 it is well 
below naked eye visibility and belongs to the KO spectral class, having a mass of 
1.06 Mo. However, HD 188753 is not alone. Orbiting it once every 25.7 years at 
between 6.2 and 18.5 AU is a binary system consisting of a B3 and a G8 which 
together have a combined mass of 1.63 Mo. The planet is in an orbit just 0.0446 AU 
(10.8 million km) from the primary star and has a mass of at least 1.14 M, but at this 
distance there simply is not enough available material to have created such a large 
planet. The theory is that this type of planet - a hot Jupiter - formed beyond 2.7 AU 
and migrated in towards the star. No one has yet come up with an undisputed 
mechanism to account for the migration or to explain why such planets come to a 
halt and do not fall into the star. Now the problem with the triple star arrangement 
of HD 188753 is that the gravitational forces truncate the debris disk around the 
star preventing it from spreading any farther than 2.7 AU. So not only is there 
insufficient material for the planet to have been born close to the star, but there is 
also a paucity of material beyond 2.7 AU. Without any plausible theory as to how 
the planet formed its very existence has been called into question. 

Acting as a vast backdrop to 52 Cygni is the Veil Nebula, otherwise known as 
the Cygnus Loop, a delicate filament of gas expanding at more than 100 km/s. It 
is all that remains of a supernova that exploded between 5,000 and 10,000 years 
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ago. The star, 52 Cygni, is not related to the nebula. At 206 ly this G9.5 giant, 14 
Do, is much closer than the Veil which is estimated to be 1,500 ly away. 

Close to « Cygni in the night sky but, in reality, about 500 ly deeper into space 
is IC 5067, the Pelican Nebula. Long exposure photographs show the nebula 
glowing red, signifying the presence of atomic hydrogen. 

Messier 29 is a small but attractive cluster near to y Cygni which can be seen 
with a binocular or small telescope. Containing up to 150 stars it could be as 
close as 3,700 ly. Its core is about 11 ly in diameter but its full diameter could be 
up to 52 ly. It is part of the Cygnus OB1 association. It is estimated to be about 13 
million years old, its five hottest stars belonging to the BO spectral class. 

Smaller, closer and less populated is Messier 39. Its center is only about 1,000 
ly away and contains around 100 stars but it is much older than M29 at 270 to 
300 million years. 

It is said by some that the North American Nebula (NGC 7000) can be 
seen by the keen sighted under very dark conditions. It is certainly popular with 
astrophotographers, its large size, 120’ x 100’, and proximity to Deneb (just 3° 
away) making it an easy target. NGC 7000 is where stars are being born. It is 
about 1,600 ly away. 


Open clusters in Cygnus 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my, magnitude 
yrs region* >+12* my 

Collinder 419 = 27’ 19 2,400 7 HD 193322 37 +5.4 
my, +5.96 

IC 4996 27' 44 5,600 9 HD 193076 = 51 +7.3 
my +7.62 

IC 5146 82’ 66 2,800 1 TYC 3608-1659-1 12 +7.2 
my +9.64 

M29 57' 52 3,700 13 V2031 Cyg =-123 +6.6 
my +8.57 

M39 80’ 25 1,000 278 HD 205210 106 +4.6 
my +6.57 

NGC 6819 16’ 35 7,700 1,500 TYC 3140- 14 +7.3 

3020-1 

my +10.19 

NGC 6834 25’ 49 6,700 76 HD 332845 24 +7.8 
my +9.74 

NGC 6871 30’ 44 5,100 9 V1676 Cyg 85 +5.2 
my +6.79 

NGC 6910 32' 34 3,700 14 HD 194279 70 +7.4 
my +7.01 

NGC 7063 30’ 20 2,250 95 HD 203921 105 +7.0 
my +8.89 


*May not be a cluster member. 
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Constellation: Delphinus Hemisphere: Northern 
Translation: The Dolphin Area: 189 deg” 
Genitive: Delphini % of sky: 0.458% 
Abbreviation: Del Size ranking: 69th 


This small but very distinct constellation has several myths associated with it one 
of which is that Delphinus was the son of Triton, the sea god. A poet and singer 
called Arion was aboard a ship when the crew decided to rob him and throw him 
overboard. The gods, who used to listen to Arion’s poems and songs, sent 
Delphinus to save him. The four brightest stars form a diamond which is 
sometimes referred to as ‘Job’s Coffin’ after the Biblical character. 


At my +3.76 «a Delphini is the second brightest star in the constellation being 
beaten to first place by B Del at m, +3.63. Lying at a distance of 241 ly this 3.6 Do 
star is a fast spinning B9 rotating at about 138 km/s. It may also a binary, its 
companion being an A-class apparently separated by 12 AU and in a 17.1 year 
long orbit, but this interpretation is disputed and the pair may just be an optical 
double. 

Like « Del, B Delphini is also a double but a very definite binary with a better 
understood orbit due to the wider separation of the two components. Both stars 
are F5 subgiants that have magnitudes of m, +4.0 and +4.9 but which together 
shine at my +3.63 technically making B Del the brightest star in the constellation. 
They are separated by just 0.5” which, at a distance of 97.4 ly, translates into an 
average distance of 13 AU between the two components, though this will vary 
between 8 and 18 AU during the orbital period of 26.65 years. 

Both « and B Del have peculiar proper names: Sualocin and Rotanev 
respectively. It seems these names first appeared in 1814 in a star catalog 
published by the Palermo Astronomical Observatory. Some years later the Rev’d 
Thomas Webb, a British astronomer, worked out that the names were the partly 
Latinized version of Niccolo Cacciatore, an assistant at Palermo, spelled in 
reverse: 


Niccolo = Nicolaus (in English) = Sualocin (in reverse). 
Cacciatore = Venator (in Latin or Hunter in English) = Rotanev (in 
reverse). 


No one knows why the stars were so named. It could be that arrogance got the 
better of Cacciatore and he inserted the names into the catalog himself. 
Alternatively the then director of the observatory, Giuseppe Piazzi (who 
discovered the first asteroid, Ceres), may have honored Cacciatore by naming 
the stars after him. Another possibility is that someone else inserted the names as 
a joke. Whatever the explanation the names became established and Cacciatore 
succeeded Piazzi as director of the observatory. 

The my +3.87 y Delphini is also a binary although observers cannot agree 
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on the colors. y’ Del is a my, +5.14 F7 so should be yellowish-white. y” Del is a 
m, +4.27 K1 and should be yellowish-orange. The brighter star is usually 
described as white or yellowish but the fainter has been recorded as yellow, blue, 
green and grayish-lilac. Lying at about 102 ly the pair are separated by 9.6” (PA 
267°) in a 3,200 year highly elliptical orbit that parts them by a maximum 600 
AU but then brings them to within 40 AU of one another. 

5 Delphini is a 5 Scuti type variable. Its magnitude switches between m, +4.38 
and 4.49 with a period of 3" 47.5™. It isa 4.5 Do A7 - all  Scutis are either A or F 
class - and is 203 ly distant. It is also a spectroscopic binary, its 3.6 Do 
companion in a 40.58 day orbit. 

C Delphini is another A-class star, this time an A3, with a diameter of 3.2 Do 
and a mass of 3.1 Mo. It is 227 ly away. 

The largest naked eye star in Delphinus is 17 Delphini at 15 Do. It is a KO, 
144 times more luminous than the Sun and marks the farthest boundary of the 
constellation at somewhere between 474 and 520 ly. 

The 8.5 Do 18 Delphini is a bright yellow G6 giant which has a m, of +5.48. 
In 2008 researchers announced the discovery of 10.3 My planet in an orbit that 
varies between 2.4 and 2.8 AU. The orbital period is about 993 days. 

One star that does not appear to have any planets is HD 197076, a m, +6.43 
GS of 0.96 Do. However, it is regarded as one of the most likely candidates for 
life-bearing planetary systems and on 29 August 2001 a Message to Extra- 
terrestrial Intelligence (METI) was sent to the star. It will get there in February 
2070. 

On 8 July 1967 a new 5th magnitude star appeared close to the northern 
boundary of Delphinus. HR Delphini, as it is now known, is a ‘slow nova’. It 
was discovered by the renowned British amateur astronomer and comet hunter 
G.E.D. Alcock. A search of photographic plates revealed that the star had 
previously been at magnitude +11.9 and took 30 days to brighten to naked eye 
visibility. Its magnitude varied over the next few months reaching a maximum of 
m, +3.5 in December. It then went through a period of oscillations lasting 10 
days each but by June it had become erratic and had faded to 6th magnitude. It is 
now at magnitude +13.4 and shows at least four shells expanding at 523, 612, 
676 and 781 km/s. 


Dorado 


Constellation: Dorado Hemisphere: Southern 
Translation: The Goldfish Area: 179 deg” 
Genitive: Doradtis % of sky: 0.434% 
Abbreviation: Dor Size ranking: 72nd 


One of the ‘modern’ constellation constructed by the cartographer Petrus 
Plancius from observations made by explorers Pieter Keyser and Frederick de 
Houtman in the late 16th Century. 


« Doradiis is a binary system 176 ly away. The main star is a my +3.26 white AO 
of about 3 Mo. It is an «CV variable with a period of 24 22" 48™ and a measured 
rotational velocity of 55 km/s, suggesting a diameter of 3.2 Do. The secondary is 
amy +4.55 B9 in an elongated orbit. At close approach the two stars come within 
1.9 AU while at apastron they are separated by 17.5 AU. Somewhat smaller at 1.7 
Do, it weighs in at 2.7 Mo. 

B Doradds could be the largest naked eye Cepheid - or perhaps not. 
Theoretical studies indicate a diameter of 450 Do. That equates to 4.2 AU, so if 
B Dor replaced our Sun it would envelop Mercury, Venus, Earth and Mars and 
those minor planets on the inner edge of the Asteroid Belt. Direct measurements 
tell a different story however. They range from 55 to 350 Do (0.5 to 3.3 AU). 
Estimates of its distance also have a broad range from 1,040 to 7,300 ly while its 
luminosity has been put at between 3,000 and 125,000 Lo. On firmer ground is 
its variability period of 94 20" 12.5™ and its spectrum which is F6 when the star is 
expanding rapidly and is at its hottest (about 6,300 K), and G5 when it is 
contracting rapidly and at its coolest (about 5,700 kK). 

A little larger than the Sun but 6.6 times more luminous y Doradiis sits 
66.2 ly away in the northernmost part of the constellation. Its magnitude is not 
stable but flickers between my +4.23 and +4.27 with a double period of 17.5 and 
18.1 hours. Early F-class stars displaying this type of multiple periodicity are 
known as y Doradts-type variables of which about 60 are currently known. They 
all vary in periods between a few tenths of a day to a little over one day with 
amplitudes rarely exceeding 1/10th of a magnitude, the changes in brightness 
due to pulsations. 

The B6 bluish ¢ Doradiis is just 1.8 Do but has a mass of 4.5 Mo. Lying at 
512 ly, give or take 34 ly, it has as its backdrop the Large Magellanic Cloud 
(LMC), an irregular shaped galaxy some 160,000 ly away and 14,000 ly across, 
the third closest to us. Buried in the LMC is the Luminous Blue Variable (LBV) $ 
Doradas. At 10th magnitude it is too faint to be seen without optical aid - 
although it has been known to brighten to m, +8.6 - but it is nonetheless an 
important star. It is believed to have a mass of at least 60 Mo and a diameter of 
anywhere between 100 and 380 Do. Its temperature could be as high as 20,000 K 
but it is its luminosity that is most impressive: a mind boggling 1 million Suns! 
Such brilliance is not without its drawbacks however. S Dor is using up its nuclear 
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Dorado's Uncertain Hypergiants 
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fuel so quickly that it will burn out in just a few million years, perhaps first 
evolving into a Wolf-Rayet star before ending its short life as a spectacular 
supernova. While it lives, the enormous radiation pressure will continuously 
eject vast amounts of matter into space, supplementing its self-made nebula with 
the occasional massive eruption. S Doradiis-type variables, as they are otherwise 
known, always belong to the B, A or F spectral classes and display brightness 
changes usually in the range of 1 to 7 magnitudes. y Carinae and P Cygni are 
members of this variable star type. 

At 38 ly the closest of the Dorado stars is € Doradds: a 1.1 Do F9 with an 
apparent magnitude of m, +4.72 and, because of its distance of almost 10 pc, an 
absolute magnitude, My, of +4.10. 

Like many stars that share a designation, n’ and n? Doradiis are unrelated. 
n', the more southerly of the two, is a m, +5.71 white AO at 332 ly. n’ is more 
than twice the distance at 671 ly, is brighter at m, +5.01 and is an M2.5 red giant 
of 32 Do. 

R Doradias is a low mass, luminous supergiant on the border with Reticulum. 
Approximately 200 ly away it has an estimated diameter of between 320 and 420 
Do. In Solar System terms if our Sun was replaced with R Dor it would engulf the 
orbit of Mars if the lower size estimation is correct and would stretch out to the 
inner edges of the Asteroid Belt if the larger diameter is correct. Despite its huge 
size it has a mass equivalent to just 1 Mo. Its luminosity is 6,500 Lo but it appears 
dim because it radiates most of its energy in the infrared. Belonging to spectral 
class M8 it is a semi-regular, SRb, variable which pulsates between m, +4.80 and 
+6.60 over a period of about 338 days. 

The star 30 Doradas isn’t a star at all - it is a nebula. Also cataloged as NGC 
2070 but better known as the Tarantula Nebula it lies at a distance of 
180,000 ly and is illuminated by a ‘super star cluster’ of very young (1-2 million 
years old) giant and supergiant blue-white O-class stars, mainly O3s. This cluster, 
also called RMC 136 or simply R136, consists of hundreds of very hot, 50,000 K 
individuals confined to a region of space no more than 35 ly in diameter. The 
total mass is in the order of 450,000 Mo. The nebula also contains an older 
cluster, Hodge 31, whose stars are 20-25 million years old. It is believed that 
around 40% of Hodge 31 stars have already exploded as supernovae. In 1987 a 
supernova was observed on the edge of the nebula which reached 3rd 
magnitude. Optimistically called 1987A (a second supernova that year would 
have been called 1987B) its behavior was unlike other supernovae which tend to 
flash and then grow dimmer. Instead 1987A grew brighter as its shock wave 
crashed into the surrounding nebula, the compression causing a temperature rise 
of millions of degrees and the emission of massive amounts of X-rays and radio 
waves. 
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Draco 


Constellation: Draco Hemisphere: Northern 
Translation: The Dragon Area: 1,083 deg” 
Genitive: Draconis % of sky: 2.625% 
Abbreviation: Dra Size ranking: 8th 


In Greek mythology Draco was the dragon Ladon who guarded the golden 
apples in the garden of the Hesperides, the three daughters of Atlas. As one of 
his 12 labors Hercules slew the dragon and carried off some of the apples to 
Eurystheus. A long, sprawling constellation near Ursa Major and Ursa Minor, 
the stars of Draco are all relatively faint. 


Thuban, or « Draconis, is the 8th brightest star in the constellation. The 
difference between it and the brightest star, rather confusingly y Dra, is 1.42 
magnitudes. As a result it is not the easiest of stars to spot in the night sky 
although, just as « and B Ursae Majoris point to Polaris, the other two stars in the 
bear’s quadrangle, y and 5 Ursae Majoris, point to Thuban. A 6.2 Do AO it is 309 
ly away and rotates at 15 km/s taking 21 days to complete one revolution on its 
axis. In 2787 BC Thuban was the Pole Star, closer to the North Celestial Pole than 
today’s Polaris, and will be so again in about AD 20346. It is also a spectroscopic 
binary with a 51.42 day orbit. 

G2 yellow giants are relatively rare: only a handful of naked eye examples are 
known (about 0.3% of visible stars). B Draconis or Alwaid is one of them. Some 
37 Do across it lies at a distance of 362 ly and shines at m, +2.77 but would 
brighten to My, -2.1 at 10 parsecs. Like « Dra it has a rotational velocity of 13 km/s 
but, because of its larger size, takes much longer to rotate: 144 days. It has a 14th 
magnitude companion: a 0.4 Mo G8 in a 4,000+ year orbit. 

y Draconis or Eltanin is the brightest star in the constellation despite being 
given the 3rd brightest designation. Currently at a distance of 148 ly it is a steady 
my +2.21, its K5 classification indicating its orange appearance. It is heading in 
our general direction at 27.6 km/s and, in 1.5 million years, will pass by at 28 ly 
to become one of the brightest stars in the sky. A giant at 64 Do across and witha 
luminosity of 600 Lo Eltanin, to give the star its proper name, is a slow rotator. It 
spins at 3.5 km/s and so takes 2.6 years to rotate just once. 

Relatively close to one another in the night sky and marking the point at 
which the dragon’s neck curves are two G-class stars 6 and e Draconis. There is 
almost a magnitude between them, 6 Dra being the brighter of the two at my 
+3.06 while ¢ Dra lags behind at +3.91, and 6 is larger than ¢ - 13 Dp and 8.8 Do 
respectively - the former being a G8 while the latter is a G9. 5 is the closer of the 
two at 100 ly while ¢ lies at 146 ly. The big difference between them is that while 
6 Dra seems to be a lone star, ¢ Dra is a spectroscopic binary, its companion was 
discovered, as so many binaries were, by F.W. Struve, the founder of the Pulkovo 
Observatory near St. Petersburg. 

7 Draconis is a double star 87.7 ly from Earth. The primary is a 9.2 Do G8 
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with a luminosity of 47 Lo. Rotating at 3.7 km/s it takes nearly 126 days to 
complete a single revolution. Its companion is a K1 dwarf in an orbit that 
averages 145 AU and with a period in excess of 1,000 years. 

In the tail of the dragon is a triplet of stars that are totally unassociated, other 
than appearing in the same small area of the night sky. The brightest of these is x 
Draconis, a m, +3.82 B6 ‘Be emission’ star surrounded by a bright disk and a 
thick absorbing shell believed to be due to material flung off the star as it rotates 
at up to 200 km/s. About four times larger than the Sun it lies at a distance of 498 
ly. It belongs to the y Cas type variables switching between my, +3.82 and +4.01 
with no discernable period. Flamsteed numbered this star 5 Draconis. The one 
slightly to the south he named 4 Draconis and the more northerly star was 
designated 6 Draconis. 4 Dra is, officially, 83 ly deeper into space at 581 ly. 
However, the margin of error in the measurements means that the two stars 
could actually be very close neighbors. In fact, 4 Dra could actually be 4 ly closer 
to us than « Dra. 4 Dra is also a variable of the pulsating variety and belonging to 
the Lb class. It is a red giant some 35 times larger than the Sun and sitting in 
spectral class M4. Its amplitude is much less than « Dra varying between my, 
+4.95 and +5.04. Because of its variability it is sometimes known as CQ 
Draconis. Then there is 6 Draconis: a 21 Do orange giant of spectral class K3. Its 
magnitude is rock steady at m, +4.96. Spinning slower than the Sun at 1.7 km/s 
(Sun, 2 km/s) the star takes 625 days - 1.7 years - to rotate just once. It is 
estimated to be 546 ly away but again the margin of error means that it could 
well be rubbing shoulders with « and 4 Dra (see table). On a dark, clear night 
with a good binocular and perfect color vision the three stars show as blue, red 
and orange. 


The errors in measuring the distances of x, 4 and 6 Draconis 
means that they may be closer neighbors than we think. They 
could all lie between 533 and 537 ly. 


Star Distance limits 

« Dra < 459 to 537 ly > 

4 Dra < 533 to 629 ly > 
6 Dra < 476 to 616 ly > 


The closest Draconian star to us is o Draconis at 18.8 ly. A KO dwarf just 70% 
the size of the Sun and only a third as luminous o Dra is a faint m, +4.68 which 
would fall by over a full magnitude at 10 pc to M, +5.9. Its spectrum reveals it is a 
stranger to our corner of the Galaxy having a metal content significantly lower 
than the Sun. 

Near the head of the dragon some 163 ly distant is the my +5.95 star HD 
167042, a K1 of 4.3 Do and believed to be about 2,200 million years old (half the 
Sun’s age). In an orbit that varies between 1.26 and 1.34 AU is a planet a little 
more than 1% Jovian masses. Discovered in 2007 its year is 416 days long. 
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In 2002 HIP 75458 was the first giant star to yield a planet. More widely 
known as 1 Draconis this K2 orange star is about 13.5 Do. The planet is not far 
off being a brown dwarf with a mass of nearly 9 Mj. Its orbital period is 1.4 years. 
A second orange giant, the 22 Do 42 Draconis has a 3.9 M, planet in a 1.3 year 
orbit. At an estimated age of between 7,700 and 11,250 million years this star is 
fast approaching the end of its life. Yet a third planetary system around an 
orange giant is HD 139357, although this system is much younger at about 
3,070 million years. Its planet is estimated to be 9.76 M, but with a high degree of 
uncertainty that could push its mass up to 11.91 M, teetering on the brink of 
being a brown dwarf. Current views are that gaseous giants of 13 M, are able to 
fuse deuterium and therefore do not behave as a planet but are undergoing 
processes that are more akin to stars. 

HD 193664 seems to be planetless, though that may just be because our 
detection methods are not yet good enough to find any. The star has been 
identified as one of those most likely to have planetary systems that harbor life. 
It is a m, +5.90 solar analog, 0.99 Do and 57.3 ly away. 

27 Draconis is going somewhere in a hurry. Half the stars in our corner of the 
Galaxy have radial velocities of 10 km/s or less, either heading towards or away 
from us. Some 96.5% have radial velocities of up to 40 km/s. But 27 Dra is in the 
1% of stars whose velocities exceed 70 km/s. 27 Dra is in fact the 33rd fastest 
naked eye star in the night sky, hurtling towards us at 73.5 km/s (the fastest is t! 
Lupi closing in at a staggering 215 km/s). A 14 Do KO giant it is currently 217 ly 
away. 

The outlier is the 68 Do 45 Draconis at somewhere between 2,050 and 3,720 
ly. An F7 with a blinding 7,846 Lo it has a modest visual magnitude of my, +4.77 
but an absolute magnitude of My, -4.6, or about as bright as Venus at her most 
glorious. 

The 8th magnitude BY Draconis is the prototype for a class of dwarf variable 
that can have periods lasting from a fraction of a day up to 120 days and whose 
brightness can change by up to 0.5 magnitude. The variability appears to be 
linked to the presence of large groups of starspots, some of which may appear in 
polar regions, and intense chromospheric activity. BY Dra itself is a K6 - the type 
only occur in K and M classes - and is believed to be 0.91 Do and 0.59 Mo. Lying 
at a distance of 53.4 ly its variability period is 5.8285 days. It is actually a triple 
star system. One component orbits the primary every 5.98 days and is my +9.26. 
It is slightly less massive at 0.52 Mo and is an M1. The other member of the trio is 
a red sub-dwarf, an M5, of my +15.8. It lies at an average distance of 260 AU and 
takes 3,822 years to orbit the primary. It is less than half the mass at 0.21 Mo. 

Just to the east of y Draconis is an arrangement of six stars called Kemble 2 
that look like a mini version of Cassiopeia, only much smaller and fainter (see 
Cassiopeia for further details). 

Draco includes at least seven naked eye variable stars: « Dra and 4 Dra are 
mentioned above. Details of these and the others are in the table below. 
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Variable stars in Draco 


Star Maximum Minimum Variable Variability Dj Lo Distance Spectrum 


Magnitude Magnitude Type Period (ly) 
«Dra —s 3.82 +4.01 y Cas 1.4 540 498 B6 
oDra = +4.63 +4.73 RS 27, 110 9322 KO 
o Dra +4.22 +4.26 a CV 1.71646d 1.5 131 289 AO 
AF Dra +5.15 +5.22 a CV 20.2747 d 2.7 111 417 AO 
CL Dra +4.95 +4.97 5 Sct 0.0630d 1.9 9.62 110 FO 
CU Dra +4.52 +4.67 Lb 34. 167 = 392 M3.5 


4 Dra +4.95 +5.04 Lb 35 251 581 M3 


Equuleus 


Constellation: Equuleus Hemisphere: Northern 
Translation: The Foal Area: 72 deg” 
Genitive: Equulei % of sky: 0.175% 
Abbreviation: Equ Size ranking: 87th 


The second smallest and often ignored constellation. Equuleus was said to be the 
brother of Pegasus, which is to its north east, and is one of Ptolemy’s 48 
constellations. Usually drawn as a quadrangle its stars are all faint and often 
difficult to find. 


a Equulei, otherwise known as Kitalpha, is the brightest star in the constellation 
but at my +3.94 is by no means bright. A GO giant of 9.2 Do and 3.2 Mo it is 68 
times more luminous than the Sun. Rotating more slowly than the Sun, just 1.3 
km/s compared to 2 km/s, Kitalpha takes almost a full year - 358 days - to turn 
on its axis. It is also a spectroscopic binary. Its companion, an A5 dwarf of 2.9 
Mo, is in a near circular orbit of 0.66 AU with a period of 99 days. This is a 
relatively young system, 500 to 600 million years, but already the GO giant is 
beginning to die. The estimated distance is 186 ly. 

B Equulei is about 10% larger than the Sun but is an A3, its subtle bluish- 
white color barely detectable because of its faint magnitude, just my +5.15. Ata 
distance of 360 ly B Equ has a luminosity of 83 Lo and a fairly modest rotational 
velocity of 40 km/s, completing a full turn in less than 1% days. 

y Equulei is an « CV rotating variable of no particular period or multiple- 
periods (estimates include 17.492 days, 314 days, 1,785 days and 72 years). Its 
magnitude fluctuates between my, +4.58 and +4.77 as this 1.9 Do F1 star spins on 
its axis 115 ly from Earth. Seen through a small telescope or binocular y Equ turns 
out to have a close optical companion. The other star, an A2 which Flamsteed 
numbered as 6 Equulei, is rather deeper in space at 479 ly and is m, +6.07. 

The closest of the stars in Equuleus at 60 ly is also the most interesting. 
5 Equulei is a very close binary system with an orbital period of 5.7 years, the 
shortest period on record of any naked eye binary. The two components are very 
similar in many ways. One of the stars is an F5 with a calculated temperature of 
6,600 K and a mass of 1.2 Mo. The other is a slightly cooler 6,000 K GO with a 
little more mass at 1.3 Mo. Separated by about 4.5 AU the two stars are larger 
than the Sun in diameter at 1.7 and 1.1 Do respectively. The individual 
magnitudes come in at my +5.2 and +5.3 but combined they glow at m, +4.5. 
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Eridanus 


Constellation: Eridanus Hemisphere: Southern 
Translation: The Eridanus River Area: 1,138 deg” 
Genitive: Eridani % of sky: 2.759% 
Abbreviation: — Eri Size ranking: 6th 


This long, straggling constellation stretches from just south of the Celestial 
Equator to -60° meandering between six other constellations. It represents the 
river into which Phaethon, son of Helios the Sun god, fell after trying to ride his 
father’s chariot across the sky. Tut, kids! 


Meaning the ‘Star at the end of the river’ Achernar, or o Eridani, lies at the 
southernmost tip of the constellation and hence is hidden from most of the 
population of Europe and North America: essentially anyone much farther north 
than the Tropic of Cancer. At a very slightly variable my, +0.46 it is the 9th 
brightest star in the night sky. A blue B3 it has an equatorial diameter of perhaps 
12 Do and a polar diameter of about two-thirds that, say 8 Do. It rotates at 250 
km/s - 125 times faster than the Sun - and so spins once on its axis in just 2.3 
days. Such high speeds distort the star causing it to bulge at the middle, creating 
a dark band around the equator and ejecting material into a disk around the star. 
Currently 144 ly from Earth and drifting away at 16 km/s it has a luminosity of 
around 5,000 Suns and would brighten to M, -2.8 at 10 pc. 

At the opposite end of the river, not far from Rigel (6 Orionis) is B Eridani or 
Kursa, although some people extend the beginning of the river to include i 
Eridani. One of the closer stars to us at 88.8 ly it is slightly variable between m, 
+2.72 and +2.80 though does not easily fall into any recognized category. There 
is a report dating back to 1985 that the star suddenly brightened to zero 
magnitude for a couple of hours. An A3 it is about four times larger than the Sun. 

Only a dozen red giants are brighter than 3rd magnitude and y Eridani or 
Zaurak just scrapes in at my +2.88 to +2.96 being an Lb pulsating variable. About 
69 times larger than the Sun - it could easily hold 328,509 solar globes and there 
would still be enough room to swing a cosmic cat - the star has a mass of only 
about 2 Mo. It is, nonetheless, considerably more luminous at 860 Lo. From its 
corner of the Galaxy 221 ly away this aging giant is no geriatric however, flying 
away from us at an impressive 61.7 km/s (only a few percent of stars have 
velocities in excess of 40 km/s). If it were heading towards us then it would reach 
an absolute magnitude of My, -2 at 10 pc. 

Widely listed as an RS Canum Venaticorum type variable 6 Eridani seems to 
be anything but. RS CVn variability is caused by a close binary system stirring up 
strong magnetic fields, yet 5 Eri is very much a single, isolated star. Its variable 
label was assigned to it in 1987 but the latest Hipparcos analysis shows it to be a 
rock steady m, +3.522 and not fluctuating between +3.51 and +3.56 as so often 
claimed. A K1 of 11 Do it is only 29.5 ly away and getting closer at 6.1 km/s. 

In 1960 Frank Drake used the 85-foot (26 meter) radio telescope at Green 
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Bank, West Virginia to search for artificial signals from two stars. One was t Ceti, 
the other ¢ Eridani. Nothing was ever detected but that was only the start of the 
story. In 1983 IRAS (the Infra-Red Astronomy Satellite) detected a significant 
amount of dust circling ¢ Eri hinting at the possibility of a planetary system. 
Twelve years later ¢ Eri became one of the targets for Project Phoenix which sent 
out radio signals to those stars that were most likely to harbor planets and life. 
Then, in 2000, a team led by Artie Hatzes announced the discovery of a planet. 
What makes ¢ Eri so attractive is that it is only 10.4 ly from Earth, making it the 
10th closest system and the 3rd closest naked eye star. The star itself is an orange 
K2 dwarf, about 10% smaller than the Sun at 0.895 Do and 0.83 Mo. It rotates on 
its axis once every 22.7 days and, by solar standards, is very young at just 660 
million years. The debris disk is most likely the leftovers from the initial planet 
forming period early in the history of the system. The disk appears to have 
considerable structure with high concentrations of dust at 3 and 29 AU and 
farther out, in much the same way as the Solar System has a structured Asteroid 
Belt separating the rocky, terrestrial planets from the gaseous giants, and the 
Kuiper Belt and Oort Cloud extending beyond the farthest giant planets to 
perhaps half way to « Centauri. Such structure is caused by a number of 
processes, not least being the presence of giant planets. As giant planets 
successively complete one orbit after another they gravitationally sweep some 
areas clean while concentrating dust in others. In about 31,500 years time the 
BL/UV Ceti red dwarf binary will pass within 0.93 ly of ¢ Eri disrupting Oort 
Cloud, sending material into the inner ¢ Eri system which may impact with any 
planets that exist. The current status with « Eri is that it has one confirmed and 
one unconfirmed planet (see table). The confirmed planet is in a highly eccentric 
orbit with a periastron of 1 AU and an apastron of 5.77 AU. That would be like 
Earth moving between our current position and that of Jupiter as we orbit the Sun. 
The theoretical planet, if it exists, is in a 280 year long orbit that ranges from 28 
AU to 52 AU (about the distance of Neptune to almost twice its distance). It is 
much smaller than the confirmed planet: just 0.1 M; or 32 Mg. But what about the 
Phoenix signals? Well, by the time they get to the planet, are decoded by any 
intelligent life that may happen to live there, and a reply is sent back to us, we 
should expect a signal any time after 2016. Unless, of course, their government is a 
bureaucratic as most of ours in which case we could be in for a very, very long wait. 

6 Eridani looks like an uninteresting 3rd magnitude star to the naked eye but 
modest optical equipment will reveal twin white stars. 0’ Eri is a m, +3.18 early-A 
class (A3) with a diameter of 5.6 Do and 106 Lo. Its partner, 6” Eri, is somewhat 
dimmer at my, +4.11, belongs to the Al spectral class, has a much smaller 
diameter of 1.7 Do and luminosity of 45 Lo. Separated by 8.2” at PA 88° the pair 
lie at a distance of 161 ly. Their positions relative to one another appear to be 
fixed, so they are either not in orbit or their orbital period is so long as to be 
undetectable. 

At 1,754 ly A Eridani is the farthest star in the constellation. A highly 
luminous B2 of 38,750 Lo, it is 12 Do across but its rotational velocity is proving 
difficult to pin down with measurements ranging from 220 to 325 km/s. It is 
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almost certainly an oblate spheroid, its high velocity hurling material into space 
causing a circumstellar ring of gas and dust. It is another B Cepheid, its pulsations 
changing its magnitude from my +4.22 to +4.34 with a period of 16” 50.2™. 

Stars do not form randomly but are born in the spiral arms of the Galaxy. On 
this basis p and v Eridani appear to be in the wrong place, being some 300 ly 
below the galactic plane. They are not alone, and many bright stars including 
those in Orion’s Belt, Rigel and a host of other stars have been displaced by, as 
yet, an unknown force. This grouping is known as Gould’s Belt after the 
astronomer who researched the structure in the late 19th Century. It seems to be 
a spur to the Orion arm, not quite a full ring and up to 3,000 ly across. The Sun 
sits about 325 ly from the center of the Belt and may be part of it. As for 1p and v 
Eri, the former is very much run-of-the-mill B-class star lying at 532 ly from 
Earth. It has a spectroscopic companion, probably an A3, in a 7.36 day long orbit. 
v Eri, at 587 ly, is a bit more unusual in that it is a B Cepheid pulsating variable 
with a period of 4" 16™ during which its magnitude changes from m, +3.4 to 
+3.6 and back. In addition it has perhaps a dozen other periods during which it 
fluctuates by a few thousandth of a magnitude as it vents off radiation in its 
hopeless battle to stabilize. 

The Arabs called them Beid and Keid (meaning ‘Eggs’ and ‘Egg Shells’), Aitken 
listed them as No. 3093 in his Double Star Catalog and today we call them by 
Bayer’s designations o* and o? Eridani but the reality is that these two stars have 
nothing to do with one another. o' Eri is a 6.7 Do FO some 126 ly away. Over a 
period of 1° 51.3™ its magnitude dips from m, +4.00 to +4.05 and back d la 5 
Scuti. 0” on the other hand stares at us with an unblinking m, +4.42 from its 
home just 16.4 ly away. It isa much smaller star, just 70% the size of the Sun, and 
a yellowish-orange KO.5. And it is not alone. In a 400 AU orbit that takes it 7,200 
years to complete o” has a companion: a white dwarf of about half the mass of 
the Sun and with a feeble 0.003 Lo. Then in orbit around the white dwarf is a red 
dwarf with a luminosity of 0.022 Lo and a mass of 0.16 Mo. It orbits the white 
dwarf once every 252 years, the orbit bringing the two dwarfs as close together as 
21 AU and then separating them by 49 AU. The white dwarf component is 
historically important. It was discovered by Friedrich Wilhelm Herschel on 31 
January 1783 and was given the spectral class A (white) by Russell, Pickering and 
Fleming in 1910. The spectrum was described in more detail in 1914 by Walter 
Adams and in 1922 Willem Luyten coined the phrase ‘white dwarf’ making 07 Eri 
the first white dwarf to be discovered. 

It is not unusual to find stars with similar designations, such as 6! and 07 Eri, 
but the constellation holds the record for sequential Greek numbering by having 
no fewer than 9 t Eridanis. Apart from t* Eridanis which is 87 Do and 7” 
Eridanis at 12 Do the rest are all relatively small stars - a few solar diameters or 
less - and they are all totally unrelated. t* Eri is an Lb pulsating variable with a 
range of m, +3.52 to +3.72 and no particular period. It is joined by two other 
variables: t? Eridanis, an SX Arietis of m, +4.63 to +4.66, and the aCV rotating 
variable t? Eridanis which varies between m, +4.62 and +4.67 with a period of 
1S 15", 
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W Eridani is an unremarkable bluish B3 star 956 ly from Earth. What is 
remarkable is what it also reveals. Right next to the star is IC 2118, a reflection 
nebula better known as the Witch’s Head. In long duration photographs the 
nebula looks very blue due in part to the blueness of the star but also due to the 
nebula’s dust particles reflecting blue light more efficiently than any other color. 

82 Eridani could be the oldest closest star in the sky. A yellowish-orange G8 
it is only about 0.8 Do across and 0.59 Lo. It is currently just 20.9 ly away and 
heading away from us at 87.3 km/s, though its true velocity through the Galaxy 
is in the order of 129 km/s. Its orbit takes it from within 15,000 ly of the galactic 
center out to 35,225 ly (the Sun is about 30,000 ly from the center). In 25,000 
years time it should have migrated to Puppis. About 60% as bright as the Sun it is 
thought to be much older at about 10,000 million years (the Sun is 4,567 million 
years old). 


Planetary system in Eridanus 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


eEridani 0.895 K2 10.4 +3.72 eEridanib 1.55M, 1.01 5.77 6.85 y 
eEridanic? 0.10M, 28 52 280y 


Fornax 


Constellation: Fornax Hemisphere: Southern 
Translation: The Furnace Area: 398 deg” 
Genitive: Fornacis % of sky: 0.965% 
Abbreviation: For Size ranking: 41st 


Originally called the Fornax Chemica this constellation was introduced by Abbé 
Nicolas Louis de Lacaille in 1756. 


The brightest star in the constellation is also the closest, and a binary. a 
Fornacis is 46.4 ly from us and shines at my +3.30. It is about 50% larger than 
the Sun but rather more luminous at 4.33 Lo and slightly more massive at 1.27 
Mo. It belongs to the F6 spectral class. Its my +6.48 companion is a G7 of 0.75 Mo 
but only 0.41 Lo. There are several published estimations of the orbital period 
including 155, 269, 314 and 408 years. Whatever the real value the orbit appears 
to be very eccentric perhaps bringing the two stars to within 10 AU at periastron 
and separating them by up to 100 AU at apastron. 

B Fornacis is a B8.5 giant, 12 Do across and spinning at a very leisurely 1.4 
km/s, taking 433.8 days (about 14 months) to complete one rotation. Like the 
constellation’s luminary it is also a binary. Its partner seems likely to be a K2 
dwarf of 0.27 Do. 

y* Fornacis is four times larger than the Sun, give or take a cat’s whisker. A 
bluish-white A1 lying at 555 ly it is 165 times more luminous that the Sun and 
spins at 135 km/s, completing a rotation in just 1.5 days. It appears as a my +5.38 
star: its namesake, y’ Fornacis, is my +6.15 lying at a rather closer 363 ly. 

The Sun size star k Fornacis is only 71.6 ly away and is a close solar analog 
belonging to the G1 spectral group. It is, however, 3.21 times more luminous and 
1.4 times as massive. 

pt Fornacis is a 2.3 Do bluish-white B9 and rotates at a breakneck 320 km/s 
meaning that it completes one rotation in less than half a day. Although it has a 
luminosity of 60 Lo at my +5.26 it may well be too faint for many people to see. 

v Fornacis is another B9 star but almost three times the size of the Sun. It is 
also an «CV variable dipping from my, +4.68 to +4.73 and back again over a 
period of 19 21" 21.5™. 
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Constellation: Gemini Hemisphere: Northern 
Translation: The Twins Area: 514 deg” 
Genitive: Geminorum % of sky: 1.246% 
Abbreviation: Gem Size ranking: 30th 


One of the Zodiacal constellations, the Sun enters Gemini on 21 June and leaves 
on 20 July. The constellation represents the twin sons of Leda and Zeus who 
sailed with the Argonauts, depicted by the two brightest stars Castor, the more 
northerly star, and Pollux. It was not only the Greeks who considered these stars 
to be twins: Roman, Phoenician, Arabian, Babylonian and Indian mythologies all 
mention the pair. Twins they may be: identical they are not. 


Although it is the second brightest star in the constellation Castor gets the a 
Geminorum label possibly because the twins are always known as ‘Castor and 
Pollux’ and never ‘Pollux and Castor’. It has been suggested that Castor was once 
the brightest star but there is no real evidence for this view. It is a complex 
sextuple system some 51.5 ly from Earth. 

Castor A has a m, of +1.98. It is 2 De across and weighs in at 2.98 Mo. An Al 
it is 37 Lo. Its close companion is also an A-class Main Sequence star and 2 Do 
across but is just 12 Lo. It orbits the main star every 9.2128 days in an elliptical 
path that varies between 0.022 and 0.065 AU (3.3 to 9.7 million km). 

Castor B has a m, of +2.88. It is 1.55 Do across and is an estimated 2.76 Mo. 
An A2 it is 13.9 Lo. Its close companion is also an A-class Main Sequence star and 
also 1.55 Do across but is just 6 Lo. It orbits Castor B every 2.9283 days at an 
average distance of 0.032 AU (4.8 million km). This pair orbit Castor A with a 
period of 445 years in an elliptical orbit that brings them to within 71 AU before 
parting them by 138 AU. 

Castor C, which is also known as YY Geminorum, has a m, of +9.1. It isa 
red dwarf of 0.62 Do across and weighs in at 0.59 Mo. It is an MO.5. Its close 
companion is identical, as far as we can tell. Their orbital period is 19" 33™, the 
pair being separated by 0.058 AU (8.7 million km). Magnetic interaction between 
the two stars causes one or both to flare, hence the YY Gem designation. This pair 
orbit Castor A and Castor B at a distance of at least 1,000 AU and with an orbital 
period in excess of 14,000 years. 

Pollux is not as complicated as Castor (!). While Castor is bluish-white, on a 
clear dark night with good seeing and good color vision, Pollux can appear 
yellowish-orange. That’s not surprising as it is a KO giant more than nine times 
the size of the Sun and the closest Gemini star at 33.7 ly. Rotating at a just 1.2 
km/s it takes 383.8 days to spin once on its axis. Cataloged as B Geminorum 
Pollux has a mass of 1.86 Mo and is one of the few giants to host a planet. Rather 
confusingly the planet is known by its Henry Draper catalog number of HD 
62509 instead of simply B Geminorum b as ¢ Tauri b, y Cephei b and others are 
known. It has a mass of 2.9 M, and orbits the star every 1.6 years. 
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The m, +2.02 y Geminorum or Alhena traditionally marks the third corner 
of the constellation, opposite Pollux. Attempts at finding its diameter have 
resulted in various values of between 1.5 and 4.8 Do with 3.2 Do being the 
average. We have a better grasp of its distance - 105 + 7 ly - and spectral type, 
AO, with its luminosity coming in at 130 + 19 Lo. There are few absolutes in 
measuring the stars. We do know that it is a spectroscopic binary, its companion 
being a G-class whose 12.6 year eccentric orbital period brings it to within 1 AU 
at periastron and out to 16 AU at apastron. 

Sitting just about on the Ecliptic is 8 Geminorum which, to all intents and 
purposes, is a fairly ordinary star. Called Wasat by the Arabs it is an FO class with 
a diameter of 1.6 Do and a luminosity of 10.2 Lo, Being at a distance of 58.8 ly its 
physical parameters result in a my +3.53 star that would brighten by about a 
magnitude to M, +2.46 at 10 pc. It has a companion: a K3 in a 1,200 year orbit 
with an average separation of 100 AU. However, 5 Gem’s real claim to fame is its 
appearance on a photograph taken in 1930 by Clyde Tombaugh. One of the 
other stars on the plate turned out to be an unknown planet - Pluto. Alas, since 
its discovery Pluto has been relegated to the ranks of a dwarf planet. 

At 150 Do ¢ Geminorum is the largest star in the constellation. If placed in 
the center of the Solar System the Earth would be just 45 million km from its 
surface. Yellowish-orange in color its 7,600 Lj pour our way from a distance of 
903 ly producing a modest +2.99 magnitudes. At 10 pc however, it would rival 
Venus at M, -4.5. 

Of the nine Cepheid variables visible without optical aid, C Geminorum has 
the longest period at 10¢ 3" 37™ 3.15, its magnitude fluctuating between m, 
+3.62 and +4.18. Lying 1,169 ly from Earth it is a 74 Do supergiant with a 
luminosity of about 2,700 Lo, At maximum magnitude it is a 6,500 K F7 
changing to a 5,100 K G3 at minimum. It has an almost symmetrical light curve 
which is unusual for this type of variable. 

Only two naked eye Semi-Regular type a (SRa) giants are known: one is GZ 
Pegasi and the other is yn Geminorum, a triple star system 349 ly away. The 
main component is a 130 Do red giant M3 with a luminosity of 425 Lo and mass 
of 5.5 Mo. Its magnitude varies between m, +3.20 and +3.90 with a period of 
232.9 days. At an average distance of 7 AU is a B-class companion in a 2,983 day 
(8.2 year) orbit. It is 2.06 Mo and shines at my +5.46. Taking more than 700 years 
to complete its orbit is the third star in the system, an F or possibly a G-class with 
a mass of 1.18 Mo and a magnitude of my, +8.02. It averages 150 AU from the 
main star. 

It is interesting to compare n Gem with » Geminorum which is also an M3, 
somewhat smaller at 104 Do but nearly four times as luminous at 1,540 Lo. It is 
also variable, m, +2.75 to +3.02 but, belonging to the Lb variable class, has no 
real period although a 2,000 day cycle overlapped by a 27 day cycle has been 
reported. It is 232 ly from Earth. 

v Geminorum is another complex quadruple system. The main star is a my 
+4.30 B6 with a diameter of 3.5 Do. It has a companion in a 53.7 day orbit that is 
an almost circular 0.5 AU. Approaching the main star to within 1.5 AU before 
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heading out to 20 AU is the third component which takes 13 years to complete 
an orbit. It is an Al with a m, of +9.0 and mass of 2.98 Mo. The fourth star, an 
m, +8.01, is a B8 with diameter of 1.2 Do and a mass of 2.63 Mo. 

Gemini contains a number of naked eye stars that are similar in size to the Sun 
including the 4th magnitude p Geminorum. p Gem is 1.3 Do FO dwarf lying at 
a distance of 60.3 ly. It is another complex quadruple system. One of its 
companions is a G8 dwarf in an 897,000 year long orbit. Another is an 8th 
magnitude G8 which also has as 11th magnitude orbiting companion. 

38 Geminorum consists of a pair of identical 1.4 Do FO stars, both with 
surface temperatures of 7,200 K, in an orbit that takes 1,944 years to complete. 
They are 91.1 ly from Earth. Slightly larger in size, 64 Geminorum is a much 
hotter A4 at 8,400 K and farther away at 163 ly. 

o Geminorum belongs to the RS Canum Venaticorum class of eclipsing 
variable stars. Its magnitude brightens from m, +4.29 to +4.13 before settling 
again with a clockwork period of 197 10" 9™. A K1 giant of 9.5 Do its companion 
orbits at just 0.2 AU (30 million km), so close that each disrupts the other’s 
magnetic field causing brilliant flares. About one-third of the primary star can be 
covered in dark starspots which add to the changes in magnitude. 

Giant » Geminorum is the outmarker for the constellation at 1,656 ly, 
though it could be as close as 1,153 ly or as far as 2,160 ly such is the uncertainty 
in our measurements. It is a bright yellow G5 with a luminosity of 1,753 Lo. 
Rotating at 8 km/s it takes slightly more than 221 days - two-thirds of a year - to 
complete a single rotation. Like ¢ Gem it is a Cepheid variable with a period of 
17" 28.5™, making it the shortest period naked eye Cepheid, and has a 
magnitude range of my +5.14 to +5.23. 

37 Geminorum is one of the 30 stars most likely to have planetary systems 
that harbor life, according to some researchers. A GO class with a diameter 
slightly larger than the Sun (1.03 Do) it is more luminous by about 23% and 
about 1,000 million years older. A Message to Extra-Terrestrial Intelligence 
(METI) was sent to the star on 3 September 2001 and should reach it in 2057. 

With a radial velocity of 81 km/s 81 Geminorum: is one of the 1% highest 
velocity stars. Moving away from us its velocity actually varies between 76 and 90 
km/s suggesting the presence of another star in orbit around it or possibly a 
planetary system but so far nothing has been detected. It is a K4 giant, 27 Do 
across, and about 100 times more luminous than the Sun. 

M35 or NGC 2168 is a cluster of more than 500 post-Main Sequence stars that 
are at least 95 million years old. Lying at a distance of 2,700 ly the cluster core is 
24 ly in diameter and has a density of just over 6 stars per cubic parsec, but the 
entire cluster is probably more than twice this size. The cluster can be found 
slightly to the north west of n Gem just above the Ecliptic. A small telescope or 
binocular will reveal many of the brighter stars. 


Open clusters in Gemini 


Gemini 231 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
Collinder 89 50’ 38 2,600 32 HD 43740 95 +5.7 
my +6.57 
M35 67’ 52 2,700 95 HD 41996 209 +5.0 
my +7.41 
NGC 2129 25' 36 5,000 21 HD 250290 =. 22 +6.7 
my +7.38 
NGC 2169 3’ 3 3,400 12 HD 41943 18 +5.9 
my +6.92 
NGC 2395 27' 13 1,700 ~=—+1,180 TYC 776- 17 +8.0 
1313-1 
my +9.75 


*May not be a cluster member. 
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Constellation: Grus Hemisphere: Southern 
Translation: The Crane Area: 366 deg” 
Genitive: Gruis % of sky: 0.887% 
Abbreviation: Gru Size ranking: 45th 


Once called Phoenicopterus, meaning flamingo, Grus was created in the 16th 
Century by Petrus Plancius using observations made by the Dutch explorers 
Pieter Keyser and Frederick de Houtman. 


The brightest star in the constellation, « Gruis or Alnair, is also the second 
closest at 101.4 ly. It is a textbook B-class star: a B6 with a temperature of 13,000 
K, a diameter of 3.6 Do, a mass of 4.5 Mo, an absolute magnitude of My -0.7, a 
luminosity of 380 Lo and a rotational velocity of 236 km/s. All very normal anda 
useful standard against which other stars can be compared. 

There are little more than a dozen naked eye M5 red giants - less than half a 
percent of all naked eye stars - and two of them lie in Grus. B Gruis is the smaller 
of the two at 82 Do (about the size of Mercury’s orbit), the closer at 170 ly and 
the most luminous, pouring out 3900 Lo. The other MS is 8? Gruis: 135 Do 
(86% the size of Venus’ orbit), 325 ly and 2,200 Lo. They are both irregular 
variables, 8 Gru pulsating between m, +2.00 and +2.30 while 5” Gru has a slightly 
smaller range of +3.99 to +4.20. Right next to 8” Gru on the celestial sphere is 5" 
Gruis. In reality it is 29 ly closer to us and has nothing to do with its apparent 
companion, being a 22 Do giant yellow G7. 

Perhaps too faint for most town and city dwellers to see, the yellow dwarf HD 
211415 shines at m, +5.40 from a distance of 44.4 ly. A G1 it has a diameter and 
mass very similar to the Sun’s, 0.96 Do, 1.01 Mo, and is slightly more luminous at 
1.04 Lo. It has a rather greater metal content than the Sun, enriched by about 
50%, and is somewhat younger at 3,300 million years (the Sun’s age is 4,560 
million years). The real difference, however, is that HD 211415 is a binary. Its 
companion is a red dwarf believed to be about half the size and mass of the Sun 
and just 0.018 Lo, its temperature being a cool 3,800 K. Its orbit is not particularly 
well known but it is thought that the average separation is 46 AU. Statistically stars 
with high metal contents are more likely to have planetary systems. Although no 
planet has yet been detected around HD 211415 it is regarded as being among the 
top 30 stars to have planetary systems that may harbor life. Several stars in Grus 
do, in fact, have planets, including t’ Gruis which is listed as HD 216435 b. 
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Planetary systems in Grus 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 
t' Gru 2.00 GO 109 +6.03 HD 216435b 1.25M, 2.38 2.74 1.311d 


HD 204961 0.50 ? 16.1 +8.67 G)832b 064M, 2.99 3.81 9.35 y 
HD 208487 1.15 G2 147 +7.48 HD 208487b 0.45 M, 0.33 0.65 123d 
c unconfirmed HD 208487c? 0.46 M, 1.46 2.14 2.49 y 
HD 213240 1.50 G4 133 +6.08 HD 213240b 4.50M, 1.12 2.94 2.60 y 


Hercules 


Constellation: Hercules Hemisphere: Northern 
Translation: Hercules Area: 1,225 deg” 
Genitive: Herculis % of sky: 2.969% 
Abbreviation: Her Size ranking: Sth 


The constellation represents the mythical Greek hero who was the son of Zeus 
and a mortal, Alkmene. He achieved 12 seemingly impossible tasks - the Labors 
of Hercules - and was placed in the heavens at the end of his Earthly life. 


o« Herculis or Rasalgethi could be one of the largest stars visible in the night sky. 
The current consensus is that it is about 400 Do across, although a dozen or so 
estimates over the past century average out at about 320 Do. If it truly is 400 
times as big as the Sun then, in Solar System terms, it would have the same 
diameter as the inner edge of the Asteroid Belt. It is a semi-regular, SRc, red 
supergiant of spectral class M5, some 382 ly distant and is an impressive 17,000 
Lo, mostly in the infrared. Its magnitude dips from m, +2.74 to +4.00 with a 
main period of about 90 days. However, superimposed on this period are several 
others lasting from a few weeks to several years. Just 5” away is a Sth magnitude 
yellow star trapped in a 550 AU, 3,600 year orbit. Known as a? Herculis - the 
main star, of course, is «' - it is a G5 giant of 15 Do and 4.1 Mo. It also has an 
orbiting companion, a 2.5 Mo F2 dwarf in an orbit of less than half an AU 
leading to a 51.6 day orbital period. The supergiant has blown off at least one 
shell of material which now has a radius of 522 AU, more than 17 times the size 
of Neptune’s orbit. Despite the star’s huge diameter its mass is only about 15 Mo. 

B Herculis or Kornephoros is also a G-class giant. At 12 Do it is not quite as 
big as « Her’s companion and is certainly closer at 148 ly from Earth. A G7 it isa 
few hundred degrees cooler, 4,900 K, and rotates at 4.8 km/s taking a third of a 
year - 127 days - to complete one rotation. Again, it is not alone but has a 
spectroscopic companion in a 410.6 day orbit. 

C Herculis is an interesting star, or rather collection of stars. ¢ Her is a binary 
system. The primary is a my, +2.90 GO class star of 2.5 Do, 1.5 Mo and 6 Lo. 
Separated by 1” on the celestial sphere is its companion, C® Herculis. It is a faint 
my, +5.23 at the other end of the spectral class, G7, and weighs in at a much 
smaller 0.85 Mo and 0.65 Lo. The pair are in a 34.5 year long orbit during which 
they approach one another to within 8 AU and are then separated by 21 AU. The 
most intriguing thing about ¢ Herculis is that it is the leader of a group of 10 stars 
(originally thought to be 22) that seem to be moving in unison. The group 
includes B Hydri, C’ Reticuli, ¢? Reticuli, 6” Pavonis, 1 Hydrae, HD 14680 in 
Fornax, HD 158614 in Ophiuchus and Gliese 456 in Virgo. 

¢ Her marks the south west corner of what is commonly called the ‘Keystone’. 
Diagonally opposite is x Herculis, slightly dimmer than ¢ Her at m, +3.14 but 
much, much larger being a 67 Do K3 supergiant. To the south we find 
¢ Herculis, a sparkling white AO dwarf, twice as large as the Sun and 163 ly away. 
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The north west corner is the home of n Herculis, another G-class star, this time a 
G8, with a diameter of 5.6 Do and lying 112 ly from Earth. Just below n Her is one 
of the most magnificent globular clusters in the northern skies, Messier 13. Often 
just referred to as M13 aficionados of deep sky objects know it as ‘The Great 
Globular Cluster’, and for good reason. Although it is 25,100 ly away it can be seen 
as a grayish smudge on dark, Moonless nights with an apparent magnitude of my 
+5.8 and a diameter of 20’. It is, in fact, 145 ly across and contains anywhere 
between 100,000 and 1 million stars. Just as uncertain is its age: between 14,000 
and 24,000 million years (compare this to the Sun which is 4,560 million years old 
and which will expire when it reaches 10,000 million years). This is a cluster of 
very old stars, except for one: Barnard 29, a bright, young B2 which seems to have 
been captured from interstellar space by the cluster. 

@ Herculis is one of those stars that illustrate the uncertainties in stellar 
measurement. Its spectrum suggests a class K1 but direct measurements of its 
temperature reveal a somewhat cool 4,320 K which is more consistent with a K3. 
It could lie somewhere between 600 and 750 ly or, just as equally, between 730 
and 780 ly. Its luminosity has been estimated at a minimum 784 Lo and a 
maximum of around 2,500 Lo. Attempts at measuring its diameter do not agree 
with stellar theory so could be anywhere within the range of 59 to 87 Do. Its 
mass comes in at 5.5 to 6.5 Mo and its age is somewhere between 55 and 78 
million years. So is there anything we do know about it for certain? Well, it’s a 
star. We think. 

t Herculis belongs to one of the more common variable groups, the B 
Cepheids. Its magnitude ranges between my, +2.93 and +2.95, an amplitude that 
is found in 14% of naked eye B Cepheids. It has a diameter of 2.6 Do, typical of a 
third of the class and it is a B3 (B2s and B1s together make up 75% of B Cepheids, 
B3s come in at 14%). Unlike most of its class it has no obvious period although 
there is an underlying 4.48 day cycle which is superimposed on several others. It 
is also a quadruple star system. At about 1 AU is a companion that takes 113.8 
days to complete a single orbit. It is impossible to see this particular star through 
a telescope but it can be detected spectroscopically. At an average distance of 30 
AU is a second companion in a 60 year orbit while the fourth member of the 
system takes about 1 million years to orbit the primary in a path that never 
brings them closer than 18,000 AU. 

The solar analog p Herculis is a well known quadruple star system. Being a GS 
it is a couple of hundred degrees cooler than the Sun but larger at 1.76 Do and 
more luminous at 2.47 Lo. Despite this it is just 10% more massive and, lying at a 
distance of 27.4 ly, is the closest star in the constellation. Its companions are a 
trio of red dwarfs, designated pA”, y® and p°. pA” orbits the primary py“? with a 
period of 65 years. u® and © Herculis orbit one another with a period of 43.2 
years, swinging between 1.5 AU and 3.6 AU. The pair maintain an average 
distance of 300 AU from the primary star with the result that they take more than 
3,680 years to complete an orbit. 

Hercules contains two « CV rotating variables. @ Herculis has a period of 24 
22" 49.5™ during which it cycles through my +4.57 to +4.65 and back again. A 


Hercules 237 


Hercules 
Apparent Magnitudes 


Magnitude 
+ Below naked eye limit 


7 


+ 


+ 
+ 
+ 


+ 
+ 

r* 
+ 


4 
0 
Zz 
2 
3 


+ 


Absolute Magnitudes 


238 The Star Atlas Companion 


Hercules 
Distances 


% 
ee se ee ee ee ee ee ee ee ee ee ee eee eee ee 
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 
Distance (ly) 


Hercules’ Giants a8 Her (F2) 
® 25M, 


382ly 


o:?AHer (G5) 
® 15 Do 
4.1M5 
382 ly 


Ry 3kmis 
Rp 253 days 


7 Her (K3) 
67 Do 
6Mo5 
367 ly 
Ry 15kmi/s 
Rp 226 days 


@ Her (K1) 
73 Do 
1 6 Mo 
@ Her (M5) 670ly 
400 Do - Ry 7.5kmi/s 


15M, Rp 1.35 years 
382 ly 


Ry 21kmi/s 
Rp 2.64 years 


Hercules 239 


Hercules 


52 Her (A2) 

4Do 

2.6Mo 
175ly 

Ry 29 km/s : 

Rp 7days C Her (GO) 
2.5 Do 
1.5M5 
35 ly 

Ry 4.5 km/s 


1 Her (B3) Rp 28 days 


2.6 Do 

6.2M5 

496 ly 
Ry 11 km/s 
Rp 12 days 


68 Her A (B1.5) 
5x 5.8?D, 
6.5M_5 
865 ly 7 Her (G8) 
Ry 140 km/s 
Rp 2.1 days 


Ry 2.2kmi/s 
Rp 128.8 days 


> € Her (AO) 
2D, 
3.2M5 
163 ly 
Ry 50 km/s 
Rp 2 days 


@ Her (B9) 
1.8 Do 
3.3Mo 
235 ly 
B Her(G Ry 44km/s 


12Do Rp 2.1 days 
1.9M5 


148ly 
Ry 1.5kmi/s 
Rp 126.5 days 


240 The Star Atlas Companion 


1.8 Do BY it spins at 44 km/s. The other « CV is 52 Herculis or V637, a 4 Do A2 
spinning at 29 km/s. It switches between m, +4.78 to +4.85 with a period of 3¢ 
20" 33.6™. A number of other variables can be found in Hercules including 68 
Herculis (sometimes listed as u Herculis) which is an Eclipsing Type A or ‘EA’ 
binary. Its brightness drops by two-thirds of a magnitude from my, +4.69 to +5.37 
as the two components orbit one another, the period measured as 24 1" 13.5™. 
The primary star is a B1.5 with a diameter of 5.8 Do. Its companion is a cooler B5 
and somewhat smaller at 4.3 Do. 

AM Herculis loans its name to a particular type of cataclysmic variable. In 
close binary systems material from one star may flow towards the other and form 
an accretion disk around it. In AM Her type systems the binary pair consist of a 
red and a white dwarf. It is the white dwarf that is the most important 
component. If its magnetic field is sufficiently strong it will disrupt the flow of 
particles and prevent the accretion disk forming. Instead, the particles follow the 
lines of magnetic force and flow in towards the white dwarf’s magnetic poles at 
up to 3,000 km/s. The impact point is tiny: just 100th of the diameter of the star. 
In AM Her’s case the impact point is only 10,500 km across - 2,250 km smaller 
than the Earth. This concentration of particles into such a small funnel at such 
high speeds superheats the flow resulting in the emission of various types of 
radiation including light and X-rays. We see a similar though thankfully very 
weak effect on Earth when particles released from the Sun are channeled towards 
the Earth’s magnetic poles and produce aurorae as they plunge through the 
atmosphere. In an AM Her system it is believed that the magnetic pole of the 
white dwarf tilts towards the flow of particles so that one pole points towards its 
stellar companion with the other pole pointing out into space. The light from 
such system has a particular polarized signature and so the stars are often referred 
to as ‘polars’. The magnetic field of AM Her type systems is in the order of 10 
million to 100 million gauss (the Earth’s magnetic field is typically just 0.45 
gauss and a small iron magnet is usually 50 to 100 gauss). AM Herculis itself 
requires a fairly substantial telescope to see it, its magnitude varying between m, 
+12.3 and +15.7. It lies at 272 ly from Earth in the most north eastern corner of 
the constellation. 

Closely related to AM Her systems are DQ Herculis stars. The main 
differences are that the magnetic field is weaker - ‘only’ 1 million to 10 million 
gauss - the white dwarf is surrounded by an accretion disk but very close to the 
star the disk is disrupted and the particles flow towards the star’s poles, and there 
is less likelihood that the two stars will synchronize their rotational periods (e.g. 
in the way the Earth and Moon have so that the same lunar hemisphere always 
points towards the Earth). Synchronized rotation is believed to occur in at least 
90% of AM Her systems. DQ Her is a m, +14.2 object which, strangely enough, is 
close to AM Her on the celestial sphere but is 44 ly farther away. The white dwarf 
is 0.012 Do, 0.7 Mo and has a luminosity of 0.0064 Lo, its temperature standing 
at 14,500 K. The red dwarf companion is 0.44 Do, 0.4 Mo and has a luminosity 
of 0.03 Lo, it being a cool 3,500 K. DQ Her flared to my +1.5 on 21 December 
1934 and received the designation Nova Her 1934. 


Hercules 241 


Perhaps not surprising in a constellation as large as this there are quite a 
number of stars that have planetary systems (see table). One of the more 
interesting is HAT-P-2 b discovered by the HATNet global network of automated 
telescopes that scan the Northern Hemisphere each night in search of exoplanets. 
Although it is only 1.16 times larger than Jupiter it is 9 times more massive. Its 
eccentric orbit takes it from 4.5 million kilometers of the star during which its 
surface temperature reaches a scorching 1,700 K, then out to 15 million kilometers 
when it cools to a balmy 725 K. HD 149026 b is another superdense planet that 
may have a core of heavy elements equivalent to 65-70 Earth masses - more than 
all the heavy elements found in the planets and asteroids of the Solar System. It 
has a diameter of 0.72 D, but a mass of 0.359 My. One model of the planet’s 
structure suggests that the dense core may be enveloped by a layer of highly 
compressed liquid water, then a layer of metallic hydrogen and helium and finally 
a deep atmosphere of primarily hydrogen and helium gas. Being in what appears 
to be a nearly circular orbit its temperature remains at a constant 1,000 K. HD 
156668 b seems to be a super-Earth with a mass of 4.13 Meo or 0.013 M, making it 
one of the smaller exoplanets to be discovered. The star itself is slightly less 
massive than the Sun at 0.72 Mo and considerably less luminous: a mere 0.27 Lo. 
TrES-3 b - TrES is the Trans-Atlantic Exoplanet Survey - is nearly two Jovian 
masses but just 1.3 Dy. Its orbital period is extremely short at 31" 21™ with the 
result that the orbit is decaying. Eventually the planet will fall into the star. 


Planetary systems in Hercules 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 

14 Her 0.71 KO 59 +6.67 14 Her b 4.64 M, 1.75 3.79 4.85 y 

c unconfirmed 14 Her c? 2.1M, 6.90 6.90 18.91 y 


Gliese 649 0.52 M1.5 34 49.7 Gl649b 0.328 M, 0.80 1.48 1.64 y 
HD147506 1.64 F8 385 +8.71 HAT-P-2 bb 9.09 M, 0.03 0.10 5.63 d 
HD 149026 1.50 GO 257 +8.15 HD 149026 b 0.359 M, 0.04 0.04 2.88d 
HD 154345 0.88 G8 59 +6.74 HD 154345 b 0.947 M, 4.01 4.37 9.14 y 
HD 155358 0.90 GO 139 +7.5 HD 155358b 0.89 M, 0.56 0.70 195d 
HD 155358 c 0.504 M, 1.01 1.44 1.45 y 
HD 156668 0.75 K2 79 +8.42 HD 156668 b 4.13 Mg 0.05 0.05 4d 
HD 164922 0.90 KO 72 +7.01 HD 164922b 0.36M, 2.01 2.22 3.16y 
TrES-3 0.81 G 2? 412.4 TrES-3 b 1.92 M, 0.02 0.02 1.31 d 


Globular clusters in Hercules 


Name Size Size Distance Age Apparent 
arc min ly ly million yrs magnitude my 
M13 (NGC 6205) 20’ 145 25,100 14,000-24,000 +5.8 


M92 (NGC 6341) 14’ 109 26,700 16,000 +6.4 


Horologium 


Constellation: Horologium Hemisphere: Southern 
Translation: The Pendulum Clock Area: 249 deg” 
Genitive: Horologii % of sky: 0.604% 
Abbreviation: Hor Size ranking: 58th 


Another inconspicuous constellation introduced by Abbé La Caille. 


« Horologii is an unimpressive m, +3.85 and often impossible to see from the 
towns and cities of the Southern Hemisphere. It began life as a hot A-class but 
that was more than a thousand million years ago. Today it is 16 Do K2 about 30 
times more luminous than the Sun. It lies at a distance of 117 ly, give or take 2 
ly, and is drifting away from us at 21.7 km/s. K-class stars make up a quarter of 
all the naked eye stars. Apart from a handful of supergiants the rest are all under 
30 Do and nearly one-half are 15 to 17 Do across so « Hor falls right in the 
middle. 

B Horologii is what « Hor used to be like. Much smaller at 4.4 Do and three 
times as hot at 9,000 K B Hor is an A3 and is between 300 and 328 ly from Earth. 
It is somewhat larger than average for the spectral group, which comes in at 
about 2 Do and, at 77 Lo, is a bit above the mean of 60 Lo. 

The rest of the stars can be divided into A and F-class. At the early end of the A- 
class is the A2 v Horologii, a 1.8 Do, 1.9 Mo dwarf 165 ly away. Moving up the 
scale to A6 is n Horologii, very slightly larger at 1.9 Do and very slightly less 
massive at 1.8 Mo. n takes the prize for the fastest spinning star: a breakneck 315 
km/s. Almost spilling over into the B-class is the A9 6 Horologii, the largest of 
the trio at 3.2 Do and 1.9 Mo. Not nearly as fast a spinner as n, 6 still puts in an 
impressive 193 km/s. 

Of the F-class stars the largest is the F6 2.9 Do ¢ Horologii followed by 
HL Horologii, an FO at 2.4 Do. Just 56.2 ly from the Sun is the F8 dwarf 
i Horologii. Slightly larger than the Sun at 1.13 Do, slightly more luminous at 
1.67 Lo and slightly more massive at 1.2 Mo this star is considerably younger - 
just 625 million years old, compared to the Sun’s 4,567 million years - and 
appears to have a planetary system. So far only one planet has been discovered: a 
two Jovian mass giant averaging 1 AU from the star. Those who name such 
planets could have called it 1 Horologii b, or HD 17051 b or even GJ 108 b but 
instead decided to use HR 810 b from the Harvard Revised Photometry Catalog. 
Only one other planetary system carries the HR name. Meanwhile, the star 1 Hor 
is believed to have once been a member of the Hyades Moving Group but was 
ejected, possibly by gravitational perturbations, and is now 130 ly adrift of the 
Group. 

Keep an eye out for R Horologii. A rare M7 red giant some 50 times larger 
than the Sun it is a Mira variable and is usually too faint to be seen without 
optical aid. It can reach m, +4.7 but for most of its 407.6 day period it is either 
plunging towards or just recovering from its minima of m, +14.3. 
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Horologium 
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Planetary system in Horologium 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 


. Hor 1.13 GO 56 +5.40 HR810b 1.94M, 0.69 1.12 311.3d 


Hydra 


Constellation: Hydra Hemisphere: Equatorial 
Translation: The Water Snake Area: 1,303 deg” 
Genitive: Hydrae % of sky: 3.159% 
Abbreviation: Hya Size ranking: Ist 


The largest, but far from the most prominent of all the constellations, Hydra 
represents the monster slain by Hercules as one of his 12 labors. It consists of 69 
stars brighter than my, +5.50 but they are generally faint and it is a difficult 
constellation to trace across the night sky. 


a Hydrae is a giant K3 but how big a giant is debatable. Estimates put its size at 
23, 26, 37, 40 and 93 Do. If we take the average, about 40 Do, then from its 
home 177 ly away its luminosity is in the order of 387 Lo. It’s a reasonably bright 
star, my +1.98, so at 10 pc it would shine at M, -0.2. Alphard, to give the star its 
proper name, which means ‘the solitary one’, was once the companion to a 
much more massive star that has since died and is now a white dwarf. As it 
perished it contaminated Alphard with neutrons resulting in enhanced levels of 
barium which show up in the star’s spectrum. 

B Hydrae is by no means the second brightest star in the constellation - there 
are 16 others that are brighter! — but it is a well known double and variable. To 
the naked eye it looks like a single m, +4.27 star but optical aid reveals a m, +5.47 
companion. Some 365 ly from Earth the primary is a bluish-white B9 of about 5.8 
Do and 193 Lo. Its orbital companion is somewhat smaller, probably about 2.9 
Do, and a third as luminous. The system is very young, an estimated 200 million 
years, and the two stars appear to be separated by about 200 AU which leads to an 
orbital period in excess of 1,000 years. B Hydrae’s variability, which dims the star 
to m, +4.31 before returning to m, +4.27 with a period of 24 8° 15.4™ is caused 
by dark islands of strong magnetic activity where strontium, silicon and 
chromium have pooled near the star’s surface and rotate with it at 72 km/s. It 
is classed as an « CV rotating variable 

Near the end of the Hydra’s tail is y Hydrae, a 13 Do G8 lying at a distance of 
132 ly. Perhaps more interesting is R Hydrae, 2.6° to the East. An M7 red 
supergiant of 440 Do it resides in the outer limits of the constellation at 1,400 ly. 
If the Sun was replaced by R Hya it would reach out to midway between Mars and 
the Asteroid Belt. It is thought that red giants rotate at about half the velocity of 
the Sun: about 1 km/s. If this is correct then R Hya takes more than 60 years to 
turn once on its axis. As with many red giants it is a Mira variable, its 
rollercoaster magnitude ride reaching a peak my, +3.50 before plunging to m, 
+10.90. In 1932 Aitken noted the period as being 425 days, Robert Burnham in 
1978 said it had decreased to 400 days and now it is 388.87 days. A couple of 
other stars, R Aquilae and R Centauri, show similar phenomena, which may be 
due to internal structural changes. 

The head of the Hydra is picked out by five or six stars depending on who 
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draws the connecting lines. 6 Hydrae, a 2.2 Do Al, marks the creature’s 
forehead. Below that, its nose is marked by o Hydrae, an 18 Do K1. Its lower jaw 
is pinpointed by nr Hydrae, a hot B3 with a diameter of 3.9 Suns. It is a B 
Cepheid variable with a period of 4" 4.8™ during which its magnitude flickers 
between my, +4.27 and +4.33. p Hydrae is often given as the position of its upper 
jaw. This is an AO dwarf of 2.0 Do. Some charts miss out this star altogether and 
connect n Hya with ¢ Hydrae where the head joins the long curving body. ¢ Hya 
is a giant yellowish-orange G9 about 16 Do across and some 400 million years 
old. Rotating at just 1 km/s, half the speed of the Sun, ¢ Hya takes 810 days - 2.2 
years - to make a single rotation. ¢ Hydrae is the back of the creature’s head. 
This is another G-class star but right in the middle of the scale, a G5 of 7 Do. It 
belongs to the rare BY Draconis variable class - only one other naked eye BY Dra 
exists (§ Boo) - and varies between m, +3.35 and +3.39. It is believed the 
variability is due to large spots crossing the star’s visible surface. The star is also a 
quintuplet system. In a 15.06 year orbit around the primary is an A8 dwarf which 
can come as close as 3.6 AU at periastron and fly out as far as 17.4 AU at apastron. 
A second binary pair orbit one another in just 9.9 days, separated by 0.09 AU. 
This pair orbits the inner pair at an average distance of 190 AU, taking 990 years 
to complete an orbit. Farther out again at 800 AU is a red dwarf of about 0.3 Mo. 
It takes more than 8,360 years to complete a single orbit around the other four 
stars. Drawing a line from ¢ to 5 Hya completes the monster’s head. 

x’ and 44 Hydrae are the forgotten stars of the constellation. In their 
eagerness to join the dots some celestial cartographers draw a line from v to & 
Hydrae cutting across the star group of Crater as though it was not there. One or 
two others take a different route going from v Hya to 44 Hya to y' Hya and then 
linking up to & Hya, keeping the line of the water snake within the boundaries set 
by the International Astronomical Union. 

We naturally tend to think of yellow stars as being like the Sun. F Hydrae is 
spectroscopically similar - it’s a G1 whereas the Sun is a G2 - but there the 
similarity ends. F Hya is 110 times larger than the Sun and 391 times as 
luminous. The lifespan of such supergiants can be measured in millions of years 
compared to the 10,000 million year solar longevity. 

Hydra is home to one of the more elusive celestial bodies - a brown dwarf. It 
was discovered in 1987 by Chilean astronomer Maria Teresa Ruiz who was 
looking for white dwarfs on two photographs of the same part of the sky but 
taken 11 years apart. She decided to name it KELU-1 which means ‘red’ in the 
language of the Mapuche people. It is about 33 ly from Earth and has a 
temperature of less than 1,400 K. 
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Open and globular clusters in Hydra 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M48 75’ 55 2,500 360 HD 68105 460 +5.8 
(NGC 2548) my +7.50 
M68 11’ 106 33,000 11,200 Globular cluster +7.8 
(NGC 4590) 


*May not be a cluster member. 


Hydrus 


Constellation: Hydrus Hemisphere: Southern 
Translation: The Lesser Water Snake Area: 243 deg” 
Genitive: Hydri % of sky: 0.589% 
Abbreviation: Hyi Size ranking: 61st 


A ‘modern’ constellation created from the observations of the 16th Century 
Dutch explorers Pieter Keyser and Frederick de Houtman. 


In 2600 BC a Hydri marked the position of the South Celestial Pole being just 2° 
away. Today it is 29° adrift of the pole, the result of the Earth’s precession. It is an 
FO sub-giant 13.3 Do across and with a luminosity of 28 Lo. Its rotational period 
is just under 1.5 days, the star revolving at 118 km/s. When Burnham published 
his Celestial Handbook in the mid 1960s it was generally believed that « Hyi was 
just 30 ly from Earth. By the late 60s it had drifted out to 41 ly according to Josef 
KlepeSta and Antonin Rtkl’s Constellations. We are now pretty certain it is 71.3 ly. 

B Hydri was a slightly better South Pole star than « Hyi, being just under 2° 
short of the pole. It is not vastly different to our own Sun: 1.9 Do and 1.1 Mo, 
but somewhat older by about 1,000 million years (5,500 million years compared 
to the Sun’s 4,567 million years) and a bit more luminous at 3.5 Lo. Spinning on 
its axis at 3.3 km/s it takes 29 days to complete one rotation (the Sun takes 25 
days). The star sits close to the Small Magellanic Cloud (SMC) and is sometimes 
used as a finder star for its location. The big difference is in the distance. B Hyi is 
just 24.4 ly away whereas the SMC is more than 200,000 ly. The star’s space 
velocity relative to the Sun is very high - more than 80 km/s - which would tend 
to suggest it is a visitor from another part of the Galaxy. 

y Hydri is the only red giant in the constellation. Some 214 ly from Earth it is 
60 Do across and 655 times more luminous than the Sun. Despite its size its mass 
is only about 1.7 Mo. 

1? Hydri (or HD 11977) has a confirmed planetary system. The star itself is a 
larger but cooler version of the Sun: a 12 De G8.5 lying at a distance of 217 ly. Its 
planet is equally more impressive than our own Jupiter being 6.5 times more 
massive and in an orbit that takes nearly two years to complete its path around 
the star. Giant stars with planets are a relative rarity. GJ 3021 (HD 1237) is 
another Sun-like star. Its planet appears to have high levels of sulfur in its 
atmosphere. 

IC 1717 is the celestial object that does not exist. It was originally recorded by 
John Dreyer in the late 19th Century as being located at RA 1" 32.5™, Dec. -67° 
32’ and described as excessively faint, excessively small, much extended 25° and a 
stellar nucleus. Look in that location today and there is nothing that matches 
Dreyer’s description. It was almost certainly a faint comet. Indeed, the renowned 
comet hunter Charles Messier confused comets with nebulae so often that he 
listed the latter as his now famous Messier Catalog. 
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Planetary systems in Hydrus 
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Star Dp Spectral ly my, Planet Minimum q Q_s~Period 

class mass (days) 

1? Hyi 13.0 G85 217 +4.7 HD 654M, 1.16 2.70 1.95 y 
11977 b 

1.0 G6 57.5 +659 GJ) 3021b 3.37M, 0.24 0.74 133.7d 


HD 1237 


Indus 


Constellation: Indus Hemisphere: Southern 
Translation: — The Indian Area: 294 deg” 
Genitive: Indi % of sky: 0.713% 
Abbreviation: Ind Size ranking: 49th 


Indus first appeared in Johann Bayer’s Uranometria in 1603 but it is not clear 
which part of the Americas Indus is supposed to represent. The Latin term is 
more correctly applied to a native of India. 


Of the ten naked eye stars in Indus, half belong to spectral class K including a 
Indi, a KO which, for reasons best known to themselves, was named ‘the Persian’ 
by Jesuit missionaries. Its diameter is estimated as being 11 Do. At a distance of 
101.3 ly its luminosity results in a my +3.10 luminary which at 10 pc would 
brighten to M, +1.1. It is a super-rich metal star with twice the abundance of iron 
as that found in the Sun along with high levels of other metals, all of which 
suggests it was born on the inner side of our galactic arm, towards the center of 
the Galaxy. 

B Indi is the second K-class, a K1, and a solar diameter larger than « Ind at 12 
Do. It is also the farthest: 603 ly, maybe 675 ly, such is the uncertainty in our 
knowledge. At 17.3” separation from B Ind is a my +12.5 dwarf (PA 104°) which 
may or may not be a binary companion. 

Rather more certainty surrounds 6 Indi, a 4 De FO which is between 177 and 
193 ly. It has a doppelganger companion in either a 6.09 or 12.24 year long orbit. 
They are both FO and both m, +5.2, their combined magnitude coming in at m, 
+4.40. 

¢ Indi is an intriguing triple star system. Lying at a distance of just 11.83 ly the 
main component, ¢ Indi A, is a K5 dwarf around 0.76 Do and a corresponding 
0.70 Mo but with a very low luminosity of just 0.14 Lo. This puts it close to the 
edge of visibility. If it were just a little farther away it would be below the naked 
eye limit. At 10 pc it would have an absolute magnitude of My, +7.0. It rotates at 
1.46 km/s taking 26 days to spin once on its axis. Both its components are 
methane-rich brown dwarfs in an orbit around one another that averages 2.65 
AU and which takes 16 years to run full circle. One of the dwarfs, ¢ Indi B* 
belongs to a relatively new spectral class, Tl. Its temperature is 1,280 K, its 
diameter just 0.091 Do and its luminosity an almost non-existent 0.000019 Lo. 
It has a mass of 0.045 Mg which equates to 47 M,. Its partner, ¢ Indi B”, is an even 
cooler 854 K and regarded as a T6. Its diameter is 0.096 Do and its mass is 
estimated to be 0.027 Mo or 28 M,. It is even fainter at 0.0000045 Lo. This binary 
pair of brown dwarfs lie at least 1,460 AU from « Indi A and take more than 
63,000 years to complete a single orbit. The whole system is believed to be no 
more than 1,300 million years old (about 29% of the age of the Solar System) and 
has a space velocity of 86 km/s indicating the stars are visitors from a different 
part of the Galaxy. 
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One of the smaller stars in the constellation is the 1.5 Do n Indi which is 78.8 
ly away. An A9 it has a luminosity of 7.5 Lo and rotates at 122 km/s, completing 
a full rotation in just under 15 hours. 

The two remaining K-class stars in the constellation are 1 Indi, a K1 of 15 Do, 
and p Indi which is a little larger at 17 Do and which is tagged as a K2. 

At 12,960 million years the 6th magnitude p Indi is about three times as old 
as the Sun but in many other respects is very similar. It’s about 10% larger than 
the Sun, is a G1 and has a very similar mass at 1.07 Mo though is twice as 
luminous. It also has at least one planet which has twice the mass of Jupiter (see 
table). While it would have been so easy to call the planet p Indi b instead it is 
HD 216437 b. 


Planetary system in Indus 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 
p Ind 1.1 G4 86.5 +6.06 HD 2.1M, 1.78 3.62 3.54y 


216437 b 


Lacerta 


Constellation: Lacerta Hemisphere: Northern 
Translation: — The Lizard Area: 201 deg” 
Genitive: Lacertae % of sky: 0.487% 
Abbreviation: Lac Size ranking: 68th 


A constellation created by the 17th Century Polish astronomer Johannes 
Hevelius. Only two stars have Greek letter designations. 


The brightest star in Lacerta is also the closest. « Lacertae lies 102.4 ly away and 
twinkles at a dim m, +3.76. Belonging to the Al spectral class this white hot 
dwarf, with a temperature of around 9,000 K, is 1.5 Do across and takes just 
under 16 hours to turn once on its axis, its rotational velocity being 115 km/s. It 
is 25 times more luminous than the Sun. 

B Lacertae is the only G-class star in the constellation, but only just. It’s a 
G8.5 and a giant at 13 Do but around 1,000 K cooler than the Sun. Rotating at 17 
km/s it takes 38.7 days to revolve once. 

DD Lacertae is a B Cepheid or, if you prefer, a 8 CMa pulsating variable. A 
blue B2 of 5.2 Do it has a period between successive maxima (or minima) of 4" 
38™ reaching m, +5.16 at its brightest and m, +5.28 at its dimmest. 

You could be forgiven for thinking that BL Lacertae is also a variable. That’s 
exactly what Cuno Hoffmeister thought when he noticed the 14th magnitude 
star in 1929, hence its 2-letter designation. Forty years later it was found to be the 
source of strong radio emissions and a faint trace of a galaxy was detected. A few 
years passed and then news broke that its distance had been measured: it was put 
at 900 million light years. Several dozen BL Lac objects are now known. They 
seem to be similar to quasars but missing both absorption and emission lines 
from their spectra. They are most luminous in the infrared. So what is BL Lac? No 
one really knows for certain but the wise money is on a rotating black hole that is 
surrounded by an accretion disk. 

Lacerta contains three very different supergiants. The smallest of these is 
4 Lacertae, a 75 Do. bluish-white B9. Blue and bluish-white supergiants are 
quite rare: they make up only 4% of all the naked eye B-class stars in the sky. B9 
supergiants, not surprisingly, are even more rare - there are just four examples. 
4 Lac is thought to be 2,118 ly away and has a luminosity approaching 5,000 
Suns. Its magnitude as seen from Earth is a paltry my, +4.59 but get close to it - 
well, the standard distance of 10 pc - and it would blaze at M, -6.5. The second 
largest of the supergiants is the 88 Do 5 Lacertae. A reddish-orange it is 1,847 
Lo and resides 1,165 ly from us. It has a B8 dwarf companion in a 41.95 year long 
orbit. The fifth magnitude HD 216946 (V424 Lacertae) takes the prize of being 
the largest supergiant. Being right on the border of the K-M class this reddish- 
orange MO is 1,874 ly from Earth. Which is just as well. If it suddenly found itself 
in the center of our Solar System it would engulf the Earth and reach out just 
beyond Mars. A huge 350 Do across its radius is a full 1.6 AU, a reminder of what 


258 The Star Atlas Companion 


Lacerta 
Absolute Magnitudes Apparent Magnitudes 


Magnitude 


Distances 


BL 
900 million ly 
e 


ADS 16402@ @ HD 216946 
1 


0 200 400 600 800 1000 1200 1400 1600 1800 
Distance (ly) 


5 Lac A (MO) a bac (A1) 
88 Do ib Ap 
8.6Mo5 “9 Me 


4,165ly 102.4 ly 
Ry 50 kmis B Lac (G8.5) Ry 115 kmis 


Rp 89 days 13 Do Rp 16.8 days 
(B9) 
75 Do 
11.4M5 
2,118ly 
Ry 35km/s 
Rp 108.5 days 


HD 216946 (MO) 


Orbit of Venus 1.5; 


Leo 


Constellation: Leo Hemisphere: Equatorial 
Translation: The Lion Area: 947 deg” 
Genitive: Leonis % of sky: 2.296% 
Abbreviation: Leo Size ranking: 12th 


One of the few constellations that bears some resemblance to what it is supposed 
to be Leo represents the Nemean lion which Hercules slew as one of his labors. It 
is one of the Zodiacal constellations, the Sun entering its boundaries on 10 
August and leaving on 16 September. 


« Leonis, better known as Regulus, ‘the Little King’, is a complex arrangement of 
four stars about 77.5 ly away. Sitting almost on the Ecliptic the my +1.35 star is 
sometimes occulted by the Moon and often grazes the lunar limb. The primary is 
a hot B7 which has a rotational velocity of 285 km/s. One of the consequences of 
such a high velocity is that the star is flattened so that pole to pole it measures 
3.3 Do while the equatorial diameter is a third larger at 4.3 Do. Its equator 
therefore completes one rotation in 18.3 hours. Another effect of spin-induced 
distortion is that the star is hottest at the poles where the temperature reaches 
15,400 K, some 5,000 K greater than at the equator. In total the star is 150 times 
more luminous than the Sun and rather more massive at 3.4 Mo. Ina very close 
0.35 AU orbit is a white dwarf of 0.3 Mo which takes 40.1 days to circle the 
primary. It is impossible to see through a telescope but its presence has been 
detected spectroscopically. At the rather greater distance of 4,200 AU is an 8th 
magnitude orange dwarf of 0.5 L~ which takes at least 109,900 years to complete 
a full orbit. Around this star is an M4 red dwarf of 0.025 Lo and which attains 
only m, +13.5. It takes 436 years to complete an orbit. 

At 36.2 ly B Leonis is technically the second closest star in the constellation. 
The closest is the red dwarf Wolf 359 (see below). At m, +2.14 however it far 
outshines 13th magnitude Wolf 359. It is an almost 2 Do A3, about 14 times as 
luminous as the Sun and 2,000 K hotter. Rotating at about 122 km/s it spins once 
on its axis every 18 hours. Infrared studies indicate the star, which is often called 
Denebola (meaning the ‘Tail of the Lion’), is surrounded by a dusty cloud of the 
sort that may produce planets, though none has yet been found. In 1985 it was 
realized that the star is a pulsating variable of the 6 Scuti variety. Its magnitude 
changes are very subtle though - just three hundredths of a magnitude. 

y Leonis or Algieba is a giant star, a binary and hosts a planet. The primary, y* 
Leonis, is a KO giant of 32 Do, 1.23 Mo and 180 Lo. Its magnitude is my, +2.01. 
In an orbit that takes in excess of 620 years to complete, y? Leonis can come as 
close as 15 AU and can separate by as much as 180 AU. Its is a much smaller star 
than y’ though still a giant at 10 Do, has a similar mass but is only 50 Lo. At 
4,980 K it is about 600 K hotter and falls into the G7 spectral group. It 
consequently shines at m, +3.51. A nine Jovian mass planet orbits y' Leo at an 
average distance of 1.2 AU (see table). The whole system is 126 ly away. 
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By AD 27,000 four of the nine main stars in Leo will have migrated to other constellations. 


262 The Star Atlas Companion 


The third magnitude ¢ Leonis has a definite yellowish tincture, which is not 
entirely surprising considering it is a giant Gl some 29 Do across and 314, 
perhaps even 355 times as luminous as the Sun. Currently 251 ly away and 
creeping away from us at 4.8 km/s this 4 Mo star has a surface temperature of 
around 6,000 K. At least five attempts have been made at measuring its rotational 
velocity. The results range from 4.2 km/s to 10 km/s. The latest reliable data put 
the speed at 5.7 to 6.0 km/s. This means that at the low end of the scale it takes 
the star 257.5 days to revolve once while at the upper limit it could take as little 
as 244.6 days. On the balance of probabilities the most likely rotational period 
will be around 260 days. 

There are a number of sub-2 Do stars in Leo. B Leo at 1.8 Do has already been 
mentioned. On par with B is @ Leonis, an A2, and the slightly warmer 54 
Leonis, an Al which has a 0.9 Dog A2 companion. A little smaller is v Leonis, a 
B9 of 1.7 De while 59 Leonis, an AS, is a smidgen larger at 1.9 Do. The B9.5 o 
Leonis is a 1.5 Do star while @ Leonis is a 1.4 De A2. The smallest is @ Leonis at 
1.3 Do. An F8 it is 6.35 Lo and resides 112 ly from Earth, glowing at a dim m, 
+5.45. It is actually a binary, its partner an A5 dwarf in an orbit which it takes 117 
years to complete. 

Wolf 359 (aka CN Leonis) is an M6 red dwarf and at 7.78 ly is the closest star 
to us in the constellation. In fact Wolf 359 is the Sth closest star to the Sun over 
all beaten only by Barnard’s Star in Ophiuchus at 5.96 ly, « Centauri A and B at 
4.37 ly and Proxima Centauri at 4.24 ly. Named in honor of the German 
astronomer Max Wolf who, in 1919, issued a catalog or more than 1,000 stars 
with high proper motions, Wolf 359 is m, +13.54 and has a luminosity of only 
0.0009 Lo. Its diameter is 0.16 Do and mass 0.09 Mo. it is believed to be 
somewhere between 100 and 350 million years old. 

CW Leonis at 11th magnitude would normally be of little interest and 
outside the scope of this book were it not for the fact that the Submillimeter 
Wave Astronomy Satellite appears to have detected water around the star. It is 
believed that the water is locked in thousands, perhaps even millions of comets 
that are sublimating (i.e. turning directly from ice to gas without going through a 
liquid stage) as they orbit the aging red giant. Classed as a carbon-rich C9.5 
supergiant CW Leo is 250 Do but has a mass of just 1.5 to 3.5 Mo. It is 650 ly 
from Earth. 

The cataclysmic variable DP Leonis is about 1,300 ly from Earth and consists 
of a white and a red dwarf star of 0.0114 and 0.12 Do with masses of 0.6 and 0.09 
Mo respectively. They orbit one another in just 1.5 hours. In this type of system 
the magnetic field of the white dwarf is so great that matter falling into it from 
the red dwarf does not form a normal accretion disk but instead follows the lines 
of magnetic force and flows into the white dwarf’s polar regions. Such systems 
are called ‘polars’. DP Leonis is of particular interest in that it also has a least one 
planet. This is the first case of a planet orbiting a polar and demonstrates that 
planetary systems are likely to exist around a wider variety of stars than 
previously speculated. 

Leo seems to have more than its fair share of stars with planetary systems (see 
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table). Those of particular note include BD+20 2457 (the name comes from the 
Bonner Durchmusterung stellar catalog) which appears to have at least one and 
possible two brown dwarfs. DP Leo, y' Leo mentioned earlier, HD 81040 and 
HD 102272 all have fairly substantial planets in the range of about six to nine 
Jovian masses, and GJ 436, a 0.46 Do star with a 0.072 M, planet in a 2.64 day 
orbit during which its distance from the star varies between 3.6 million km to 4.9 
million km - a tenth of the distance that Mercury lies from the Sun. 


Planetary systems in Leo 


Star Do Spectral ly = m, Planet Minimum q Q P 
class mass 
y' Leo 31.9 KO 126 2.01 y'leob 878M, 1.02 1.36 1.18y 


BD+20 2457? K2 652 9.57 BD20 2457b 21.42 M, 1.23 1.67 1.04 y 
BD20 2457 c 12.47M, 1.65 2.37 1.70 y 


DP Leo 2. AMHer ?- 17.5 DP Leo b 6.28 M, 8.60 8.60 13.8y 
G] 436 0.46 M2.5 33.3 10.68 Gj436b 0.072 M, 0.024 0.033 2.64d 
HD 81040 1.00 G2/3 106 7.72 HD81040b 686M, 0.92 2.96 2.74y 
HD 88133 1.93 G5 243 8.01 HD 88133b 0.22 M, 0.041 0.053 3.416d 
HD 89307 1.05 GO 101 7.06 HD 89307b 1.78M, 2.46 4.02 5.91y 
HD 99492 0.81 K2 111 7.57 HD 99492b 0.109M, 0.09 0.16 17.04 d 


HD 100777 1.00 KO 172 8.42 HD100777b 1.16M, 0.66 1.40 1.05 y 


HD 102272 10.1 KO 1,174 8.71 HD102272b 59M, 0.58 0.65 127.6d 
HD 102272c 26M, 0.50 2.64 1.42y 


Leo Minor 


Constellation: Leo Minor Hemisphere: Northern 
Translation: The Lesser Lion Area: 232 deg” 
Genitive: Leonis Minoris % of sky: 0.562% 
Abbreviation: LMi Size ranking: 64th 


A faint, inconspicuous constellation introduced in 1690 by Hevelius to mop up 
the stars that lie between Leo and Ursa Major. 


If you are looking for « Leonis Minoris then you are out of luck: there is no such 
star and there never has been. The title of brightest star goes to — wait for it - 46 
Leonis Minoris at a dim m, +3.83 and at a distance of 97.7 ly. Its diameter is 8.3 
Do although its mass is 1.2 Mo, typical of KO class stars. It lies on the border with 
Ursa Major: another 40” to the east and it would a member of the Great Bear. 

B Leonis Minoris is indeed the second brightest star - it comes almost as a 
shock - and is a binary. The main component is a yellowish-orange G9 with a 
diameter of 8.5 Do and a mass of 1.9 Mo. With a luminosity of 33.6 Lo it glows 
at my +4.21 but would brighten to 1st magnitude at the standard 10 pc used to 
determine absolute magnitude. It spins at 5.6 km/s taking 107.6 days to complete 
one rotation on it axis. Its companion is an F8 and much smaller, less massive 
and luminous at 2 Do, 1.35 Mo and 5.8 Lo. With an apparent magnitude of my 
+6.12 the star can approach the primary to within 5.4 AU before shooting out to 
27 AU, the orbital period being 28.62 years. The system lies 146 ly away. 

Sometimes shown connected to 21 LMi, sometimes not, 10 Leonis Minoris 
is an 11 Do G8 at a distance of 176 ly, give or take 8 ly. Its magnitude switches 
between m, +4.54 and +4.56, the star often being listed as SU Leonis Minoris. 
Its variability has a period of 40.4 days and is most likely due to active regions on 
the star’s surface affecting its brightness. 

11 Leonis Minoris is another binary. The primary is a G8 dwarf with a mass 
of around 0.9 Mo and a luminosity of 0.71 Lo. Its diameter is not well 
determined but it is likely to be around 0.97 Do. Its partner is a 0.2 Mo red dwarf 
of the MS spectral group with a diameter of 0.24 Do and luminosity of only 
0.000687 L.. The pair are in a 201 year long orbit which varies between 5.2 and 
80.8 AU. The primary is also known as SV Leonis Minoris its magnitude varies 
over an 18 day timescale during which it fluctuates by 0.03 magnitudes between 
my, +5.40 and +5.43. Like 10 LMi the variability may be due to large dark spots 
crossing the star’s visible hemisphere. 

About 96% of the stars in our corner of the Galaxy have radial velocities of less 
than 40 km/s and half have velocities of less than 10 km/s. 20 Leonis Minoris is 
one of the Galaxy’s natural speeders, tearing through the galactic arms at 54.7 
km/s. It is not physically dissimilar to the Sun. It is about the same size and a G3 
with a luminosity of around 1.27 Lo but somewhat older at 6,200 to 7,700 
million years (Sun = 4,567 million years). It is currently 48.6 ly away. 

When Dutch schoolteacher, Hanny van Arkel, volunteered to help classify 
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galaxies as part of the Galaxy Zoo Project she did not expect to make history. But 
one day in 2007 she came across a strange object on one of the photographs. The 
object looks like a man carrying something, taken from slightly above. Now 
universally known as Hanny’s Voorwerp - Dutch for ‘object’ - it appears blue 
or green depending on who has taken the photograph. No one is really sure what 
it is but it appears to be close to the spiral galaxy IC 2497 at a distance of 700 
million ly. Current speculation is that it is the remnant of a small galaxy 
reflecting a quasar event that occurred in IC 2497 about 100,000 years ago. 


Lepus 


Constellation: Lepus Hemisphere: Southern 
Translation: The Hare Area: 290 deg” 
Genitive: Leporis % of sky: 0.703% 
Abbreviation: Lep Size ranking: 51st 


A relatively easy constellation to find as it lies at the feet of Orion and is being 
chased across the sky by his dogs. However, it is often ignored by observers who 
are naturally drawn to more dominant Orion and Canis Major. 


Lepus contains relatively few big stars: « Leporis or Arneb is the largest. Hanging 
in space at a distance of 1,284 ly a Lep is a full 75 Do (0.7 AU). Its 12,000 Lo 
causes this yellowish-white to glow at my, +2.56 but its absolute magnitude is on 
par with Venus at her most brilliant, My -4.7. But supergiant luminaries don’t last 
for long, their lifespans measured in just millions of years. 

Belonging to spectral group GS and with a temperature of 5,200K B Leporis or 
Nihal is not unlike the Sun except that it is 16 times larger and 144 times as 
luminous. It is one of just four G-class stars in Lepus. Moving to the top of the 
scale at G9 the 5 Do HD 35162 can be a difficult binary to locate at m, +5.35, its 
companion a m, +6.71. 6 Leporis is a G8 about a dozen times as big as the Sun. 
It is tearing away from us at 99.3 km/s putting it in the top 10 fastest stars. 
Another swift star is the G8 HD 34538 which is at the edge of naked eye 
visibility for most urban dwellers at my +5.50. It is also receding from us at 75.3 
km/s. It is currently 158 ly from Earth. HD 41312 holds the galactic record for 
stars that are moving away from the Sun at 182.2 km/s. A K3 giant of 23 Do it is 
109 times more luminous than the Sun. HD 41312 is a visitor to our neck of the 
galactic woods having probably originated in the halo of the Galaxy. Only one 
other star is traveling faster than HD 41312 and that is t’ Lupi which is closing in 
on us at 215 km/s. 

You have to have very keen eyesight and pitch black skies to separate 
y Leporis into its individual components with the naked eye, though some 
people claim to have done it. The primary, y* Lep, is a my +3.59 F6 with a 
diameter just about equal to that of the Sun and a bit warmer at 6,400K. It has 
slightly more mass, weighing in at 1.25 Do, and has a luminosity of 2.39 Do. Its 
companion, y® Lep, is a K2 of 0.80 Do and 0.83 Mo but less than a third as 
luminous as the Sun at 0.29 Lo. Their separation on the celestial sphere is 96.3” 
(PA 350°) which converts to 864 AU in real space terms. The pair are 29.3 ly from 
Earth and take more than 18,000 years to complete their mutual orbit. They are 
believed to be fairly young stars, perhaps less than 1,000 million years old. 
Astronomers have searched for planets over a number of years but without 
success. Observers have described the binary as having a variety of colors. In 
theory they should appear as a very pale yellow and a reddish-orange. 

¢ Leporis is another young star, no more than a couple of hundred million 
years old, which is embedded in a series of concentric dust rings out to about 3 
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Lepus 


y Lep B (K2) 
0.8 Do 
0.83 Mo 
29.3 ly 


y Lep A (F6) 
1Do5 
1.25 M. 
29.3ly. € Lep (A2) 
Ry 11 km/s 0.8 x 1.6? Do 
Rp 4.6 days 1.9Mo 
70 ly 
Ry 300 km/s 
Rp 7.2 hours 


Lepus' Giants 


@ Lep (FO) 
75 Do 
12M, 

1,284 ly 
Ry 10km/s 
Rp 1.04 years 


—= Orbit of Mercury 0.8 AU = 


B Lep (G5) 
16 Do 
3Mo 
159ly 
Ry 5.1km/s 
Rp 158.5 days 


5 Lep (G8) 
12 Do 
2.5Mo 
112ly 


Lepus 271 


AU. It is 1.6 Do across its equator and spins at a breakneck speed of 300 km/s, 
teetering on the edge of stability, and revolving once every 5.3 hours. It is a very 
oblate spheroid with an estimated polar diameter of just 0.8 Do. Such a high 
rotational velocity is rare for an A-class (A2) star: just 1.1% of all known A-class 
stars attain such a high velocity. The average is 104 km/s. It may be a member of 
the Castor Moving Group. 

"... like a drop of blood on a black field", was how John Russell Hind described 
R Leporis. The 19th Century British astronomer discovered that its magnitude 
varied between m, +5.5 and +11.7 turning increasingly red as it faded. Often 
called Hind’s Crimson Star, R Lep is a Mira variable with a period of 427.07 days 
although in Hind’s day the period could be anywhere between 418 and 441 days. 
The star belongs to the rare spectral C-class carbon-rich red supergiants of which 
there are only a few others visible to the naked eye. 

Close to its southern border with Columba HD 33283 sits quietly 281 ly away. 
It’s another solar analog. A G4 carrying a little more mass than the Sun at 1.24 
Mo and with a diameter to match, 1.20 Do, it is perhaps as young as 900 million 
years or could be as old as 5,500 million years. It also has a planet of about a third 
of a Jovian mass in a very small orbit with a period of just 18 days (see table). 

The globular cluster Messier 79 may be a visitor to our Galaxy from the Canis 
Major dwarf galaxy. M79 is in the wrong place in the sky. Most clusters are 
grouped around the galactic center on our inward side but M79 is on the outward 
side. We are about 26,000 ly from the center of the Galaxy but M79 is a further 
42,000 ly. It is easily resolved with a binocular or small telescope being 9.6’ across 
and my +7.7. M79 is about 118 ly in diameter and is traveling away from us at 
about 200 km/s. 


Planetary system in Lepus 


Star Dp Spectral ly my, Planet Minimum gq Q P 
class mass 


HD 33283 1.20 G3 281 +8.05 HD 33283b 033M, 0.09 0.25 182d 


*q = periastron, Q = apastron. 


Globular cluster in Lepus 


Name Size Size Distance Age Apparent 
arc min ly ly million yrs magnitude m, 


M79 (NGC 1904) 9.6’ #7.7 42,000 12,000? #7.7 


Libra 


Constellation: Libra Hemisphere: Southern 
Translation: The Scales Area: 538 deg” 
Genitive: Librae % of sky: 1.304% 
Abbreviation: Lib Size ranking: 29th 


One of the 12 Zodiacal constellations, the Sun enters Libra on 31 October and 
leaves on 23 November. It is the only Zodiacal member that is an inanimate 
object. 


a Librae is a triple star system some 77 ly from Earth. The primary which, rather 
confusingly, is referred to as « Librae, is an A2 of a little over two solar diameters. 
It has a luminosity of 36.7 Lo and so shines as a my +2.73 star in our skies. Just 
3.85’ away (PA 314°) is «' Librae, a 1 Do yellowish-white F3 with a luminosity of 
about four Suns. It is much fainter at m, +5.16. The keen sighted will be able to 
see both but most people need a binocular to separate them. In real terms the 
two stars are at least 5,500 AU apart and take about 196,000 years to complete an 
orbit. The third member of the system also orbits «? Lib but at the much closer 
distance of perhaps 0.3 to 0.4 AU. It is also an A-class with a luminosity of around 
25 Lo and a diameter of about 1.4 Do. « Librae has the traditional name Zuben El 
Genubi, which means the ‘Southern Claw’ and which harks back to the days 
when it was regarded as one of the claws of Scorpius, a neighboring constellation. 
The stars may be part of the Castor Moving Group. 

Zuben El Genubi’s ‘sister’ star B Librae has the real name Zuben Eschamali. 
No prizes for guessing that it means the ‘Northern Claw’. At my +2.57 it is 
actually the brightest star in the constellation, beating « Lib by 0.16 of a 
magnitude. A B8 it should be white or bluish-white but there are persistent 
reports of it being greenish or pale-emerald. Green stars are a rarity. They usually 
appear next to red companions and the greenish tinge is thought to be an optical 
illusion due to the contrast with the red star. If B Lib is green then it is probably 
the only single green star in the entire sky. Its magnitude is also troublesome. 
The Greek astronomer Erastosthenes (276-196 BC) said it was the brightest star in 
the whole of Libra-Scorpius, which would make it brighter than m, +0.09 « 
Scorpii, aka Antares. Ptolemy (c. AD 130) thought they were equally bright. 
Whilst it is possible that B Lib is fading it has also been suggested that Antares is 
growing brighter. This may be a more plausible explanation as Antares is a 
known SRc pulsating red supergiant. B Lib is by no means a dwarf though. It is 63 
Do and has a luminosity of 183 Lo. With a rotational velocity of around 200 km/ 
s it takes 16 days to spin once on its axis. 

6 Librae, or Zuben Elakrab, is an Algol-type eclipsing binary, its magnitude 
varying by a magnitude between m, +4.91 and m, +5.90 with a period of 2° 7" 
51.5™. It is a B9.5 of 2.3 Do. Its companion is a G-class dwarf. The American 
astronomer Frank Schlesinger used 5 Lib to pioneer the measurement of the 
rotational velocities of stars. As the smaller, fainter star passes in front of the 
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primary the light is predominantly from one side of the brighter star and then 
the other. Schlesinger measured the differences in radial velocity and from this 
he was able to obtain the rotational velocity of the primary. 

 Librae is a complex quadruple system lying 377 ly away. U“* Librae is an 
estimated 3.4 Do with a mass to match: 3.1 Mo. It is possibly a B9, possibly an 
AO, possibly something in between, and it has a luminosity of 149 Lo. In a 23.5 
year orbit around 1° Lib is 4” Librae. It is only 80% the size of its companion 
at 2.7 Do and 2.9 Mo with a luminosity of 94 Lo. The orbit brings the two stars 
as close as 11.3 AU and separates them by as much as 18.6 AU. Some 6,600 AU 
away is another binary pair: the 10th magnitude 1'® Lib, a G4, and 18” Lib, an 
11th magnitude G8. They are separated by 230 AU and take 2,700 years to orbit 
one another. This pair - 118 and 118° - orbit the other pair - 114* and 114? - over a 
period of 195,000 years. Now, you may be wondering where 1” Librae is. Well, it 
is there. It isan A3 but at a distance of 240 ly it has absolutely nothing to do with 
the others. 

Originally designated y Sagittarii the red giant o Librae, or Zuben Algubi, is a 
semi-regular SRb pulsating variable. About 292 ly away it pulsates with a period 
of 20 days, its magnitude varying between m, +3.28 and +3.46. 

11 Librae is one of the older stars in the Galaxy at about 6,000 million years. 
Its age, and the fact that it is tearing through space at 83.1 km/s, indicates it a 
‘thick-disk’ star. The galactic disk is about 1,000 ly thick with its outer edges 
populated by older fast moving stars. The center of the disk - the ‘thin-disk’ - is 
only about 400 ly thick and contains both young stars and copious amounts of 
dust and gas. 11 Lib is a yellowish-orange G8 of 7.8 Do and 1.5 Mo with a 
luminosity of 37.6 Lo. 

48 Librae - sometimes referred to as FX Librae - is one of the fastest rotating 
stars in the sky at 405 km/s. A B8 its diameter is difficult to measure accurately 
due to equatorial bulging. It could be as wide as 6.6 Do at the equator and just 
3.2 Do through the poles. A Be emission star it is surrounded by a disk of material 
probably thrown off from the star by its rapid rotation. Its 212 Lo from a distance 
of 513 ly results in a my, +4.94 star that would brighten to My -2.0 at 10 pc. As its 
alternative name suggests it is also a y Cas eruptive variable, its magnitude 
fluctuating between my, +4.79 and my, +4.96. 

Libra contains an interesting crop of planets. GJ 581, a red dwarf just 20.4 ly 
away and sometimes known as HO Librae, has at least three super-Earths. Gliese 
581c has a mass of 0.01686 M, or 5.36 Me which could equate to a physical size 
of 1.5 Dg. Gliese 581d is somewhat more massive at about 7.09 Mz while Gliese 
581e is the smallest planet yet detected at 1.94 Mg probably making it about 10% 
to 15% larger than Earth. HD 134987 - aka 23 Librae - has two planets 
including a Jupiter-size planet in a 13.7 year orbit (see table). 
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Planetary systems in Libra 


Star Do 


Spectral ly my 
class 


Planet Minimum 
mass 


q Q P 


HO Lib 0.38 


HD 134987 1.20 


HD 141937 1.06 


M3 20.4 +10.55 GJ 581b 0.0492 M, 


G5 81.6 +6.45 


G2/G3_ 109 +7.25 


GJ 581c 0.01686 M, 
GJ 581d 0.02231 M, 
GJ] 581 e 0.006104 M, 


HD 1.59 M, 
134987 b 

HD 0.82 M, 
134987 c 

HD 9.7 M, 


141937 b 


0.041 0.041 5.37d 
0.058 0.082 12.93 d 
0.14 0.31 668d 
0.03 0.03 3.1419 d 


0.621 0.999 258.2 d 


5.10 6.49 13.69 y 


0.897 2.143 1.79 y 


Lupus 


Constellation: Lupus Hemisphere: Southern 
Translation: The Wolf Area: 334 deg” 
Genitive: Lupi % of sky: 0.810% 
Abbreviation: Lup Size ranking: 46th 


There are several myths associated with the wolf. The most likely as far as this 
constellation is concerned relates to King Lycaon of Arcadia who killed one of his 
own sons, Nyctimus - he had 50 sons - and fed him to Zeus. The outraged god 
brought Nyctimus back to life, killed the other 49 sons with lightning bolts and 
turned the king into a wolf. Most of the constellation’s stars are third magnitude 
or less, although there are plenty of them and over half are B-class. 


The brightest star in the constellation, « Lupi or Men, attains only my, +2.29 at 
best. One of many B-class stars it is a hot, 21,600 K, B1.5 with a luminosity of 
2,804 Do. Not particularly big at 5.7 Do it lies at a distance of 548 ly and, 
unlike many B-class stars, is a slow rotator at about 20 km/s taking 14.4 days to 
spin once on its polar axis. It is one of three stars in the constellation that are 
B Cepheids. At minimum its magnitude dips to my, +2.34, its period being 
6" 14.2™. Such an amplitude (0.05 magnitude) is the most common among 
B Cepheids as is its spectral class, B1 and B2 accounting for 75% of such 
variables. The other two B Cepheids are 6 Lupi and t' Lupi. 6 Lupi is not much 
larger at about 7 Do and lying at 510 ly distance. It is also a B1.5 with a slightly 
smaller amplitude of 0.04 magnitude fluctuating between my, +3.20 and +3.24 
and back with a period of 3" 58.3". Unlike « Lup it is a fast spinner with 
estimates averaging 207 km/s. Identical in size and amplitude is t? Lupi but at 
1,035 ly it shines at just my +4.54 to +4.58, its period being 4" 15.4™. It is also a 
slow rotator at 30 km/s. It is particularly noteworthy as it has the highest radial 
velocity of any star: 215 km/s heading roughly in our direction. 1? Lupi is not 
related to t" being 720 ly closer to us. It is the same size as the Sun and, being 
an F7, should appear as yellow in a binocular or small telescope, contrasting 
with the blue of t’. 

x Lupi is a spectroscopic binary consisting of a luminous B9 and an A2. The 
primary is 3.7 Do and has a luminosity of about 90 Lo. Weighing in at an 
estimated 3 Mo it is separated from its A-class companion by just 0.21 AU - half 
the Mercury-Sun distance - which is a much less luminous 25 Lo and slightly less 
massive at 2.2 Mo. 

Another unconnected pair is 6’ and $? Lupi. At m, +3.56 $' Lup is almost a 
full magnitude brighter than its neighbor. Hardly surprising really, 6’ Lup is a K5 
giant of 29 Do and 306 Lo lying some 326 ly away. Although it is more luminous 
at 440 Lo, ” Lup is just 8.6 Do and resides at about twice the distance: 606 +76 
ly. It is a bluish B4. 

Lupus has three supergiants: the 110 Do 1 Lupi, an F1, 1,140 ly away. From 
Earth it appears as modest m, +4.93 but at 10 pc it would be an impressive M, -6.7. 
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A k4, HD 137709, rather closer at 886 ly and about 235 Do, and a very yellow 
GS, HD 135345, which is 310 Do (2.9 AU) and 1,284 ly distant. 

GQ Lupi is a very young T-Tauri star in the region of 100,000 to 2 million 
years old and about 457 ly away. It has a mass of 0.7 Mo. In orbit around the star 
is an object about 1.8 D, and 21.5 M, which probably means it is a brown dwarf. 
The planet orbiting Lupus-TR-3 is a much smaller body altogether being just 
89% the diameter of Jupiter. Its circular orbit keeps it 6.94 million km from the 
star. A 5 Jovian mass planet orbits HIP 70849 but relatively little is known about 
it. 


Planetary systems in Lupus 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 
GQ Lup ? K7 457 +11.4 GQLupb 21.5 M, 103 103 1,000 y 
HIP 70849 0.59 KZ 78.3 +10.4 HIP 5M, ? ? 8.2+y 
70849 b 


Lupus-TR-3 0.82 K1 6,500 +17.4 Lupus- 0.81 M, 0.046 0.046 3.914d 
TR-3 b 


Lynx 


Constellation: Lynx Hemisphere: Northern 
Translation: The Lynx Area: 545 deg” 
Genitive: Lyncis % of sky: 1.321% 
Abbreviation: Lyn Size ranking: 28th 


Introduced in 1690 by Johannes Hevelius, astronomer, selenographer and Mayor 
of Danzig, this large constellation is populated with faint stars. 


a Lyncis, the only star in the constellation to be assigned a Greek letter, is a K7 
supergiant of 65 Do. Lying somewhere between 210 and 234 ly its luminosity is 
around 212 Lo so it appears as a my +3.12 star. At 10 pc it would just creep into 
the brighter side of zero at M, -0.4. 

The constellation has two variable stars. 1 Lyncis (aka UW Lyncis) is a 42 Do 
red giant of the Lb pulsating variety. Its magnitude slides between my, +4.95 and 
+5.06 with no obvious period. An M3 it is about 590 ly distant. The other is 
2 Lyncis (or UZ Lyncis if you prefer). This is a much more complex star. Not 
much larger than the Sun at 1.6 Dg it is both an eclipsing binary and a 6 Scuti 
variable. The main star belongs to the A2 spectral group and is about 29 times as 
luminous as the Sun. Relatively little is known about its spectroscopic 
companion except that it is in a 20.82 day orbit (there is also the possibility 
that the orbital period is 33 days, or perhaps 87 days). The magnitude varies 
between m, +4.43 and +4.73. 

To the naked eye 12 Lyncis appears as a single star of my +5.44, just on the 
edge of visibility for most urban dwellers. A binocular or small telescope however 
will reveal it to be a triple star system. The primary is an A3 of 2.5 Do. Just 1.8” 
away is a m, +6.0 A2 separated by 120 AU in real space. It is smaller than the 
primary: only 1.7 Do. Somewhat farther away at 610 AU is the third member. Its 
spectral class and other characteristics have yet to be determined but its 
magnitude comes in at m, +7.03. 

HD 76943, an F4 star about 53 ly away, is sometimes listed as 10 Ursae 
Majoris. When the IAU decided to redraw the constellation boundaries it 
adopted nice straight lines: 10 UMa just happened to be in the wrong place and 
fell - or should that be was pushed? - into Lynx (similarly, 41 Lyncis ended up in 
Ursa Major). At my +3.96 HD 76943 is actually the third brightest star in the 
constellation. It is rather more massive than the Sun, 1.44 Mo and more 
luminous at 4.8 Lo. It is also a binary. Its m, +6.18 partner is a solar analog, a GS 
of 1.1 Mo and 0.8 Lo. The orbit varies between 9 and 12.2 AU with a period of 
21.78 years. 
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Lyra 


Constellation: Lyra Hemisphere: Northern 
Translation: The Lyre Area: 286 deg” 
Genitive: Lyrae % of sky: 0.693% 
Abbreviation: Lyr Size ranking: 52nd 


A small but prominent constellation depicting the lyre played by Orpheus. 


a Lyrae, better known as Vega, is the second brightest star in the Northern 
Celestial Hemisphere - surpassed only by Arcturus, « Boo - and the Sth brightest 
in the entire night sky. Its average magnitude of my +0.03 is a combination of its 
proximity, just 25.3 ly from Earth, and its luminosity, some 45 Lo. Plus we are 
looking almost directly at one of Vega’s hot, highly luminous poles. Vega is a fast 
spinner. It rotates at 274 km/s, nearly three times the average speed of 104 km/s 
for A-class stars. At this velocity the poles are drawn towards the center of the star 
while the equator bulges outwards and the star turns into an oblate spheroid. In 
Vega’s case its polar diameter is 2.26 Do while its equatorial diameter is 22% 
larger at 2.75 Do. Strange things start to happen when a star is distorted in this 
way. The equatorial region cools to 7,950 K and darkens while the polar 
temperature soars to 10,150 K and lightens, often developing massive bright 
patches. Vega is a Main Sequence AO of 2 Mo and is between 385 and 570 million 
years old — just a tenth of the age of the Sun. Even so it is now middle-aged and in 
another 400 to 500 million years will rapidly evolve into a red giant before 
shrinking to a tiny white dwarf. Some 12,000 years ago it was the Pole Star and 
will be so again in about 13,700 years when it will be at Dec. +86° 14’. It is also 
heading in our direction at 13.9 km/s and in about 300,000 years is likely to be 
the brightest star in the night sky. Like many stars it pulsates, the pulsations 
causing its magnitude to fluctuate between my, -0.02 and +0.07 with a period of 
4" 33.5™. As a result it is classed as a 6 Scuti variable: the brightest of the class. 
Vega occupies a special place in the annals of astronomy. On the night of 16/17 
July 1850 astronomers at the Harvard Observatory rigged a daguerreotype camera 
to the 15-inch (38 cm) refractor and, with a 100 second exposure, captured the 
first photographic image of a night-time star. 

The bottom right hand (south west) corner of the famed parallelogram of stars 
near Vega is marked by B Lyrae or Sheliak, a fast spinning, 131 km/s, bluish B7 
with a diameter of 3.9 Do. Technically the third brightest star at my +3.25 - y Lyr 
just beats it by 3/100th of a magnitude - £ Lyr is an EB eclipsing binary with a 
period of 124 22.5", which has increased by 42 minutes over the past century, its 
magnitude reaching a low of +4.36. The secondary is an A8 which orbits so close 
to the primary that both stars are distorted with matter flowing towards the A8 
component forming a disk around it. A modest telescope will split B Lyr - but 
don’t be fooled. The eclipsing component is spectroscopic. The visual star 
revealed through a telescope is HD 174664, a m, +6.7 interloper which is a B5. 
While the B Lyr system is about 882 ly away, HD 174664’s distance is believed to 
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Lyra 
a Lyrae - Vega 


From Earth we are looking at one of Vega's 
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2.75 Do across (image left). 
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be closer at 652 ly. B Lyrae is the prototype for eclipsing binaries that are 
ellipsoidal in shape. The closeness of the two components present an ever 
varying shape to an observer on Earth as the two stars dance around their 
common center of mass, distorting one another as they do so. This produces the 
observed changes in magnitude but it is impossible to predict the start or end of 
the eclipse. There is always a secondary minimum, but this is usually just a 
fraction of the primary minimum. 

Moving around the parallelogram in a clockwise direction the south eastern 
corner is home to y Lyrae or Sulaphat, another B-class star, this time a B9. Lying 
635 ly away it has a luminosity of 1,580 Lo and a diameter of 2.7 Do. Between it 
and £ Lyr, though slightly closer to B, is perhaps the best known of all planetary 
nebulae, M57 - the Ring Nebula - discovered in 1779 by Antoine Darquier. Early 
observers thought the 9th magnitude ring was composed of a multitude of 
individual stars but astronomers today believe planetary nebulae are the outer 
layers of stars puffed off as the stars rapidly begin to die. M57 is estimated to be 
2,280 ly from Earth. 

5 Lyrae occupies the north eastern corner and is a complex double system. 
The brightest star is 8? Lyrae at m, +4.22 but variable down to +4.33. It is an M4 
red giant of 55 Do. It may or may not be a triple star system. At 86”, 
corresponding to 24,000 AU, a pair of 11th magnitude G-class subdwarfs may be 
in a 1.3 million year long orbit. The subdwarfs are separated from each other by 
2.2", equivalent to 600 AU, and have their own mutual orbital period in excess of 
10,000 years. The system is 899 ly away. Too faint at m, +5.57 to be visible from 
most urban areas, 5* Lyrae is not part of the 5” Lyr system being a further 181 ly 
from Earth. It is a B2.5 of 5.6 Do and 7 Mo. There is a spectroscopic companion 
of which nothing is known, other than its orbital period of 88.35 days. A third 
component keeps its distance of 58,000 AU taking 4.5 million years to complete 
a single orbit. However, the 5! Lyrae family is actually part of a small cluster of 
stars called, unsurprisingly, the 5 Lyrae cluster (aka Stephenson 1 cluster) 
containing a dozen, perhaps two dozen members. The cluster has a common 
origin with the Pleiades and the « Persei cluster about 180 million years ago. In 
the intervening years the clusters have become gravitationally unbound but still 
move through space in the same general direction. 

¢ Lyrae completes the parallelogram in spectacular fashion consisting of six 
and possibly seven stars in a complex and inherently unstable orbital array. ¢'4# 
Lyrae (often just identified as ¢' Lyrae) is the star that is visible to the naked eye 
asa my +4.32 white Am. It is rather larger than the Sun at 2.8 Do with a mass and 
luminosity of 2.2 Mo and 30 Lo. It has a close spectroscopic companion, C14? 
Lyrae, just 0.07 AU away, in a 4.3 day orbit. At a distance on the celestial sphere 
of 25” is C® Lyrae at m, +15.8. Next comes the m, +5.73 C? Lyrae (sometimes 
called 6?) an FO star of 2.0 Do and 16 Lo. It is 2,000 AU from 6“ Lyrae (44”) and 
takes at least 47,000 years to orbit the primary. Slightly farther out at 46” is the 
13th magnitude C© Lyrae with the most distant member being ¢® Lyrae at 62” 
and m, +11.5. There is the possibility that C* also has a spectroscopic companion 
making seven stars in all. Such orbital spaghetti is fundamentally unstable and 
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some of the stars will either coalesce or be ejected from the system or both. Some 
writers will refer to all the stars by letter rather than number (e.g. C“ Lyrae) or put 
the letter at the end: ¢ Lyrae A, ¢ Lyrae B, etc, but as planets are now designated in 
just about the same way the scope for confusion is obvious. 

Having got to grips with the complexities of ¢ Lyrae, welcome to ¢ Lyrae, the 
renowned ‘double double’ containing four stars and a completely different 
designation system. e“ Lyrae is a m, +5.06 A3 of 2 Do and 16 Lo. In orbit 
around «'“ Lyr is e*® Lyrae a my +6.02 F1 of 0.9 Do and 7 Lo. They are about 140 
AU apart and take more than 1,000 years to complete an orbit. Of the second pair 
e°© Lyrae is a m, +5.14 AS of 1.3 Do and 11 Lo. In orbit around e7© Lyr is se”? 
Lyrae a m, +5.37 FO of 1.2 Do and 13 Lo. They are similarly about 140 AU apart. 
The ¢' pair and the ¢” pair may orbit their common center of mass though no one 
really knows for sure. If they do then the orbital period must be in excess of 
500,000 years, the two binary systems being at least 10,000 AU apart. A binocular 
will separate the components into two, while a good 75 cm (3”) refractor or 
100cm (4”) reflector will show all four stars. Most observers see all the 
components as white although various color combinations have been reported. 

B-class stars tend to be fast rotators. They average 153 km/s putting them a 
clear 20 km/s ahead of their closest rivals, the O-class. Only 2.5% of all B-class 
stars rotate at 10 km/s or less. n Lyrae is one of them. A 12 Do bluish B2.5 it 
takes almost 61 days to spin once on its axis. It appears as a faint my, +4.39 star 
but, if all the stars in Lyra were lined up 10 pc from Earth, n Lyr would be the 
brightest glowing at a full M, -3. 

R Lyrae is an MS supergiant and, like many such stars, is a semi-regular SRb 
pulsating variable, its magnitude varying between my, +3.88 and +5.00 with a 
period of 46 days, although there are also secondary 53 and 64 day cycles. It is 
350 ly away, which is just as well. Placed in the center of the Solar System it 
would engulf Venus and possibly even the Earth (there is some uncertainty about 
its diameter which could be anywhere between 150 and 212 Do). 

A star too faint to be seen by most urban dwellers is one of the most important 
in the entire sky. RR Lyrae varies between my, +7.06 and +8.12 with a period of 
13" 36.3™. Because all RR Lyr variables have roughly the same absolute 
magnitude of M, -0.7 they can be used as a ‘standard candle’ to accurately 
determine the distances to globular clusters, in which they are principally found, 
up to 200 kpc (652,300 ly). As RR Lyr pulsates, its temperature and spectral class 
change from an F7 of 6,200 K to an A8 of 7,000 K. Its diameter has a fair degree of 
uncertainty - it could be as small as 4 Do or as large as 8 Do - and its luminosity 
could be as low as 30 Lo or could be three times that estimate. RR Lyr is a visitor 
from the galactic halo, its very high velocity of 285 km/s giving the game away 
(true members of the solar neighborhood tend to amble along at about 14 km/s). 

There is a second B in Lyra: a binary system sometimes referred to as B 648 
(HD 176051). The primary is a my, +5.28 not dissimilar to the Sun. Its an F9, a 
few hundred degrees hotter than the Sun’s G2, but not much larger at 1.3 Do, 
massive, 1.07 Mo or luminous at 1.39 Lo. Its companion, which is probably a K1 
of lower mass, 0.71 Mo, and less luminous, is my +7.82. Their orbital period is 
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61.2 years. In orbit around the primary is a 1.5 My planet in an almost circular 
orbit of 1.76 AU which it completes in 976 to 1,056 days. 


Open and globular clusters in Lyra 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my, magnitude 
yrs region* >+12* my 
Stephenson 1 150’ 56 1,300 54 my +6.12 82 +3.8 
M56 8.8’ 84 32,900 1,300 Globular cluster +8.3 
(NGC 6779) 


*May not be a cluster member. 


Mensa 


Constellation: Mensa Hemisphere: Southern 
Translation: The Table Mountain Area: 153 deg” 
Genitive: Mensae % of sky: 0.693% 
Abbreviation: Men Size ranking: 75th 


Introduced in the 18th Century by Abbé de la Caille to celebrate the site of his 
observatory near modern day Cape Town, Mensa is a difficult constellation to 
find, the brightest star being just my, +5.08. 


a Mensae is just m, +5.08 but it wasn’t always that way. About 250,000 years ago 
it passed within 11 ly of Earth and was a star of the second magnitude. It is Sun- 
like, a G6 possibly a G7, so a bit cooler than the Sun, but with a comparable 
diameter, 0.91 Do, mass 0.87 Mo, and luminosity, 0.78 Lo. It even revolves at 
about the same speed as the Sun, 1.8 km/s compared to the Sun’s 2 km/s, so it 
rotates once in almost exactly the same time: 25.6 days. And it is just 33.1 ly 
away. Needless to say it has attracted the interests of planet and alien hunters 
although, so far, it appears to have neither. Time is running out for « Men. It 
seems to be about 10,000 million years old and will soon begin to swell into a red 
giant. « Men is at the stage our Sun will reach in 5,000 million years from now. 

B Mensae is also a G-class star, this time a G8, but rather larger than the Sun at 
9.6 Do and radiating 238 Lo. It is actually the third brightest star in the 
constellation - y Men is slightly brighter - and is set against the backdrop of the 
Large Magellanic Cloud which lies at a distance of 160,000 ly. 8 Men is much 
closer at 642 ly and has an apparent magnitude of m, +5.30. 

y Mensae is a K2 giant of 19 Do and 6.5 Lo. It is 100.6 ly away and shines as a 
dim my, +5.19 but would brighten to M, -0.3 at 10 pc. It is also a high velocity 
star, heading away from us at 56.7 km/s suggesting it is just a visitor to our corner 
of the Galaxy. 

Just 10° from the South Celestial Pole, 1 Mensae is the only star in the 
constellation known to have a planetary system. The star itself is similar to the 
Sun: a GO of about the same mass, 1.1 Mo, but more than twice its diameter, 2.1 
Do, and younger at 3,830 million years (the Sun is 4,560 million years old). Its 
lone planet at 10.35 Mj, is verging on being a brown dwarf. It averages 3.29 AU 
from the star but gets as close as 1.25 AU at periastron before journeying out to 
5.33 AU at apastron (about the same distance as Jupiter is from the Sun). It has an 
orbital period of 5.7 years. While it would have been so easy to name the planet x 
Mensae b instead it goes by the instantly forgettable name of HD 39091 b. 


Planetary system in Mensa 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


m Men 2.1 G1 67.1 +5.67 HD 39091 b 10.35M, 1.25 5.33 5.65 y 
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Microscopium 


Constellation: Microscopium Hemisphere: Southern 
Translation: The Microscope Area: 210 deg” 
Genitive: Microscopii % of sky: 0.509% 
Abbreviation: Mic Size ranking: 66th 


Another faint 18th Century constellation created by Abbé de la Caille in 
recognition of the importance of the microscope in scientific investigation. 


There are two G-class stars in Microscopium, both mid-G, both about the same 
size but certainly not related. The first of these is a Microscopii, a G7, the fourth 
brightest star in the constellation at my +4.90. It is 12 Do across and was once 
thought to have a 10th magnitude companion, but this turned out to be a line of 
sight coincidence. The second G6 is y Microscopii which is just slightly smaller 
at 11 Do but less than half as luminous, coming in at 52.1 Lo compared to « 
Mic’s 121 Lo. At 224 ly y Mic is the closer of the two by 157 ly. « Mic is moving 
towards us at -14.5 km/s whereas y Mic is heading in the opposite direction at 
17.6 km/s. Both stars will have started their lives as late B-class objects, « Mic 
about 450 million years ago while y Mic is the older of the two at about 600 
million years. 

B Microscopii is an A2 dwarf of 2.2 Do but at my +6.02 is too faint to be seen 
by most urbanites. It is 483 ly away but is heading in our direction at 12 km/s. 

6" Microscopii’s brightness fluctuates by 1/10th of a magnitude between m, 
+4.77 and +4.87. The star belongs to the « CV class of rotating variables and has a 
period of 2° 2° 55™. Some 2.8 Do across it has a peculiar spectral signature of 
ApCrEuSr indicating its outer layer is enriched in chromium, europium and 
strontium. 

At just 10% larger than the Sun, 1 Microscopii is probably the smallest naked 
eye star in the constellation. An F1 it is 134 ly from Earth. 
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Monoceros 


Constellation: Monoceros Hemisphere: Equatorial 
Translation: The Unicorn Area: 482 deg” 
Genitive: Monocerotis % of sky: 1.168% 
Abbreviation: Mon Size ranking: 35th 


Surrounded by the great constellations of Orion, Gemini and Canis Major this 
faint collection of stars is often overlooked. It is the invention of Petrus Plancius, 
a Dutch explorer of the 17th Century. 


a Monocerotis is what is often referred to as a ‘clump star’. Plot such helium- 
fusing giants on a Hertzsprung-Russell diagram of temperature vs. luminosity 
and they tend to clump together in one place. « Mon is 12 Do across and has a 
luminosity of 43 Lo with a mass of around 2.5 Mo. Like all the stars in 
Monoceros it is a fair distance away: 139 to 149 ly. Its apparent magnitude is just 
m, +3.93. There are web pages that claim « Mon goes by the name of Ctesias. 
This is actually the name of a Greek physician of the 5th Century BC and seems 
to have been added to the star only recently. Similarly, B Mon is not called 
Cerastes, y Mon is not Tempestris and 6 Mon is not Kartajan. HD 47129 is, 
however, called Plaskett’s Star but we’ll come to that in due course. 

B Monocerotis is a triple star system of almost identical B-class stars. B® and 
B° Monocerotis are in a 590 AU orbit around one another that takes 4,200 years 
to complete. B® is the more luminous and brighter of the two at 1,600 Lo and my 
+4.63. B° is 2.8” away and shines at m, +5.33, its luminosity being 1,300 Lo. The 
pair are estimated to be about 34 million years old. Orbiting these two stars at a 
distance of 1,570 AU - 7.4” on the celestial sphere — is p“, a somewhat older star 
at 43 million years and the most luminous at 3,200 Lo. Its orbital period is in 
excess of 14,000 years. There is not much difference in their masses: B“ is 7 Mo, 
B® 6.2 Mo and B° is 6 Mo, and all appear to be Be emission stars with surrounding 
dust rings. The system lies 691 ly from us. 

A binary star system can be found in e Monocerotis. «* Monocerotis is an 
AS of 4.0 De and with a mass of 3.2 Mo and luminosity of 60 Lo. Its magnitude 
is my +4.41. Separated by 12.1”, 500 AU in real space, ¢® Monocerotis is an F5 of 
1.4 Do and with a mass of 1.4 Mo and luminosity of 3.8 Lo. Its magnitude is my 
+6.72. Together they give the appearance of a single naked eye m, +4.44 star. The 
pair has an orbital period in excess of 6,000 years. There is however a third 
member, e*” Monocerotis, a spectroscopic component in a 331 day long orbit 
with e* Mon. 

¢ Mon is a good marker for finding the Rosette Nebula which is just 2° 
almost due east. The nebula is also known as NGC 2237, 2238, 2239 and 2246 
depending on which part you are looking at. It is more than 1° across 
corresponding to 130 ly and lies at a distance of 5,500 ly. This is a region of 
star formation, the redness of the nebula being caused by radiation from young 
stars exciting the hydrogen atoms of the nebulous cloud. 
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At 110 Do and 1,853 ly away C Monocerotis is probably the largest and one 
of the most distant stars in the constellation. This G2 supergiant is 4,718 times 
more luminous than the Sun so shines at a respectable m, +4.36. It rotates at 7.2 
km/s which means it must take more than 2 years - 773 days - to rotate just once. 
At 10 pc it would appear as bright as Venus at her most brilliant, My, -4.5. 

One star whose absolute magnitude would surpass Venus is 13 Monocerotis. 
It would make M, -5.2. 13 Mon has a diameter of 37 Do but a mass of only 9 Mo. 
Its distance is believed to be 1,510 ly and it is surrounded by a thin nebula which 
it helps to illuminate. 

Monoceros is host to a couple of rare variable stars. 28 Monocerotis or V645 
Monocerotis is a 28 Ds K4 about 473 ly away. Its magnitude varies between m, 
+4.68 and +4.70 with a period of 4" 59.3™ due to the presence of large star spots. 
It is classed as an FK Comae Berenicis variable. 15 Monocerotis or §S 
Monocerotis is a member of the unusual IA eruptive variable class that are so 
rare they have not been fully investigated. 15 Mon itself is a 1 Do O7 with a 
luminosity of 1,079 Lo which fluctuates by 6/100th of a magnitude from my, 
+4.62 to +4.68 with no particular period. It is set against a backdrop of NGC 
2264, the Christmas Tree Cluster. 

HD 47129 is more often referred to as Plaskett’s Star after the Canadian 
astronomer who undertook a study of the object in 1922. At m, +6.06 it is too 
faint to be seen by many people but it is nonetheless worth a mention as it 
appears to be a huge binary system. The pair is estimated to be 6,600 ly away and 
consist of two similar, perhaps even identical O-class stars. They are probably O06 
to O7.5, have masses in the range of 43 to 51 Mo, temperatures of 35,000 to 
40,000 K, luminosities of between 372,000 to 870,000 Lo and diameters of 14 to 
21 Do. Of greater certainty are their rotational velocities: 75 km/s for one star 
and 300 km/s for the other. They are separated by just 0.5 AU and have an orbital 
period of 14.4 days. As far as anyone is aware HD 47129 could be the most 
massive binary system visible from Earth. 

If you were expecting to find Luyten’s Star at this point then go to Canis 
Minor. Despite countless web sites stating that the star is in Monoceros, it is 
simply not true! 

Amateur astronomers often dream about making a discovery - a new comet, 
an asteroid, a supernova, a meteorite find — but for Australian amateur Nicholas J. 
Brown his dream came true in a big way. On 6 January 2002 Nicholas stumbled 
across a stellar explosion that is so rare only three others have previously been 
recorded. The star in question, V838 Monocerotis, brightened from a 12th 
magnitude object to m, +6.5 in just a day. It then faded over the following two 
weeks until it reached my, +9.0 at which point it brightened again to m, +7.5 fora 
couple of days before subsiding to m, +16. The star quickly attracted the 
attention of professional astronomers around the world with the result that the 
Hubble Space Telescope was pointed in its direction. It revealed that the star was 
surrounded by ‘light echoes’ caused by light being deflected by dust shells. Light 
echoes have been witnessed only on three previous occasions: in 1901, in 1936 
and in supernova 1987A. V838 - will it ever become known as Brown’s Star? - is a 
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V838 Monocerotis 


The "light echoes" of a catastrophic event 20,000 ly away as captured by the Hubble 
Space Telescope on 17 December 2002. The event occurred 11 months earlier on 
6 January and was given the designation V838 Monocerotis. 


Image courtesy NASA/ESO 
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mystery and several hypotheses have been advanced. Perhaps we have observed a 
star rapidly evolving from the Main Sequence to become a red supergiant, and 
becoming unstable in the process. Normally, this process would take hundreds to 
thousands of years. In this case it appears to have happened over just a few 
months. Another strong possibility is that it is the result of two stars colliding. 

Several stars within Monoceros have planetary systems. One of the most 
interesting is CoRoT-7 b which orbits its parent star once every 20.4 hours at a 
distance of just 2.6 million km. Mercury’s orbit, for comparison, is 59.9 million 
km. At such close proximity the planet could reach a temperature of 2,200 K, 
melting and vaporizing its surface which would them be blown off into space. If 
the planet’s orbit is not truly circular then tidal forces will distort the shape of 
the planet perhaps inducing widespread volcanic activity. The planet may also be 
locked in a gravitational embrace such that it always shows the same face to the 
star (in the same way that out Moon always displays the same face towards 
Earth). Should that be the case then temperatures on the dark side of the planet 
could be as cold as -210 K. The planet has a mass of about 4.8 Mg but is only 
slightly larger than Earth. What we could be witnessing is a Jupiter-size planet 
that has ventured so close to its parent star that its atmosphere has been stripped 
away and all that remains is its rocky core which is now boiling away. The planet 
could literally disappear. The star itself is a KO dwarf of 0.87 Do. Just my +11.7 it 
lies at a distance of 489 ly and has at least one other planet, a 0.0264 M, object in 
a 3.698 day orbit. 

Messier 50 (M50) is a reasonably bright, m, +5.9 open cluster of about 200 
stars. Situated 3,200 ly away and up to 20’ across, which equates to a diameter of 
about 10 ly, the cluster is believed to be about 78 million years old. 


Open clusters in Monoceros 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M50 38’ 33 3,000 125 HD 52938 
(NGC 2323) my +7.80 134 +5.9 
NGC 2232 50’ 17 1,200 53 10 Mon 34 +3.9 
my +5.05 
NGC 2244 58’ 80 4,700 8 12 Mon 137 +4.8 
my +5.83 
NGC 2264 40’ 26 2,200 9 S Mon 50 +3.9 
Christmas Tree my, +4.65 
NGC 2301 14’ 11 2,800 165 TYC 148-2862-1 71 +6.0 
my +8.02 
NGC 2343 18’ 18 3,400 13 HD 54388 28 +6.7 
my +8.42 
NGC 2353 17’ 18 3,700 94 HD 55879 29 +7.1 


my +6.04 


Musca 


Constellation: Musca Hemisphere: Southern 
Translation: The Fly Area: 138 deg” 
Genitive: Muscae % of sky: 0.335% 
Abbreviation: Mus Size ranking: 77th 


This constellation has gone through several transformations. Petrus Plancius 
introduced the constellation in the 16th Century as Apis, the Bee. Edmond 
Halley, of Halley’s Comet fame, renamed it Musca Apis, the Fly Bee. In the mid- 
18th Century Abbé de La Caille called it Musca Australis, the Southern Fly, to 
distinguish it from the Musca in the Northern Hemisphere which was eventually 
absorbed by Aries. Finally, the International Astronomical Union decided that it 
should just be called Musca. The constellation resembles Ursa Minor. 


a Muscae is one of the many bluish-white stars that make up nearly a quarter of 
all the naked eye stars in the night sky. A B2 it lies about 305 ly away and has a 
luminosity of 4,520 Lo. Indirect measurement of its size suggests it is 4.8 Do 
across, its surface temperature being 21,900 K, more than 3.6 times hotter than 
the Sun. Like many B-class stars it is a fast spinner - 150 km/s - and so takes only 
1.6 days to turn once on its poles. It is also a 8 Cepheid, fluctuating in brightness 
by 5/100th of a magnitude between m, +2.68 and +2.73 with a period of 2" 10™. 

B Muscae is a fine binary of two almost identical 2.6 Do bluish-white dwarfs 
though observers disagree on their color with some claiming they are white, 
some blue and some bluish-white. Discovered in 1880 by H.C. Russell, the 
Government Astronomer at Sydney Observatory in Australia, the brighter of the 
two, m, +3.7, is a B2.5 while the slightly fainter m, +4.0, is a B3. Combined they 
look like a single +3.54 star. The primary is, like most B-class stars, a fast spinner 
at 185 km/s and it is likely its companion also has a high rotational velocity. The 
pair complete a single orbit in 383.12 years and lie 311 ly from Earth. 

« and B Muscae are among a handful of stars in the constellation that are of 
similar distance from Earth. The graphic below shows the quoted distance of 
each star, but there is uncertainty in their exact distances with the result that all 
five stars could actually be close neighbors to within just a few light years. While 
a, B and y Muscae are all B-class stars, y Muscae is the largest of the three at 5 Do: 
¢ Muscae is an MS red giant. Although its mass is only 1.5 to 2 Mg its diameter is 
130 Do, almost as big as the orbit of Venus. Typical of such lumbering giants, its 
magnitude is unstable, the star belonging to the semi-regular SRb category of 
pulsating giants, and fluctuates between +3.99 and +4.31 with a main period of 
40 days. It’s a stranger to our neighborhood, passing through at 100 km/s 
compared to the local traffic at just 20 km/s or less. 

Like B Mus, n Muscae is a binary system of two B-class stars but at the 
opposite end of the spectral class. Both classed as B8 recent studies reveal they are 
almost indistinguishable. They weigh in at 3.30 and 3.29 Mo, are 2.14 and 2.13 
Do, and have temperatures of 12,700 K and 12,500 K. They appear to be in a near 
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Five stars in Musca are of similar distance from Earth and could be closer together 
than we imagine, perhaps clustering at around 315 ly. The graphic shows the 
minimum and maximum distance for each star and their mid-distance values. 


I I I l I I l 


290 300 310 320 330 340 350 
Distance from Earth in light years 


circular orbit of 9.8 million km with an orbital period of just 57.5 hours which 
means that their orbital speed - how fast they are traveling in their orbit - is in 
excess of 1 million km/h or about 298 km/s. It was previously thought the orbital 
period was as long as 20 days. The way the orbit is aligned to us also means that 
the eclipses are also identical in duration and amplitude, the magnitude 
fluctuating between my +4.76 and +4.81. 

Just below naked eye visibility for most people 6 Muscae is a rare m, +5.88 
Wolf-Rayet star (WR 48). It is 10,900 ly distant. 

The 5th magnitude variable GT Muscae is a quadruple system. The primary 
component - HD 101379 - is a G2 giant of 9.5 Do across. It has a high level of 
star spot activity which causes it magnitude to vary over a period of about 64 
days. The presence of an AO class dwarf in a close orbit disrupts the primary’s 
magnetic field resulting in occasional flaring. A further two A-class dwarfs, an AO 
and an A2 cataloged as HD 101380, are in a 61.5 day orbit around the primary. 
They also eclipse one another every 2.7546 days. This complex arrangement 
means that the system is both an RS CVn and an E class variable with the 
magnitude varying between my, +5.08 and +5.21. 

A much under-rated globular cluster NGC 4833 lies at a distance of 21,200 ly 
and contains thousands of young stars. It was discovered by Abbé de La Caille in 
1751-52 while in South Africa and makes a good target for a binocular or small 
telescope. 

About 8,000 ly away and well below naked eye limiting magnitude at m, +13 
MyCn 18 is a young planetary nebula that has earned the nickname of the 
Engraved Hourglass Nebula (not to be confused with the Hourglass Nebula in 
Sagittarius). Such structures provide clues to the ejection of material from dying 
stars. 
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Musca 
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Open and globular clusters in Musca 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 

yrs region* >+12* my 

NGC 4463 5’ 5 3,400 32 TYC 8983- 11 +7.2 

2225-1 
my +8.35 
NGC 4372 18.5’ 102. 18,900 13,000 Globular cluster +7.1 
NGC 4833 12.7’ 78 21,200 13,000 Globular cluster +7.8 


Norma 


Constellation: Norma Hemisphere: Southern 
Translation: The Level Area: 165 deg” 
Genitive: Normae % of sky: 0.400% 
Abbreviation: Nor Size ranking: 74th 


Another of Abbé La Caille’s faint constellations. It depicts a level or set square. 
When the IAU reorganized the boundaries in 1922, « and B Normae were 
incorporated into neighboring constellations. 


There are two y Normae stars but they are not related. y! Normae is the larger 
and more distant of the two at 160 Do across and 1,437 ly away. F-class stars of 
this size are a relative rarity. Of the 350 or so naked-eye F-stars only a dozen are 
larger than 100 Do.The star appears as a feeble my +4.98 but with a luminosity of 
about 1,600 it would brighten to an impressive M, -6.3 at the standard distance 
of 10 pc. 

y* Normae is almost a whole magnitude brighter than its namesake coming 
in at my, +4.01. Astronomers disagree as to its size, some putting it as small as 7 
Do while others reckon it could be twice that size: the reality is probably 
somewhere in between. A G8 it is 128 ly from Earth and rotates at 12 km/s. 

y” Nor is one of three G8 stars in the constellation, all of which are very similar 
in diameter. n Normae is 11 Do and 218 ly away while x Normae is 13 Do and 
438 ly distant. Neither is particularly unusual although « Nor is useful for finding 
a couple of open clusters, one to the north and the other to the south. The 
northerly one is NGC 6067, a group of up to 200 stars at a distance of 4,600 ly. 
The other is NGC 6087, a less compact cluster 3,500 ly away of perhaps a couple 
of dozen stars centered on S$ Normae, a classic Cepheid that varies between my 
+6.1 and +6.8 with a period of 9.75 days. Various attempts at measuring S Nor’s 
diameter range from 5.3 Do to 8.5 De with the average being 6.6 Do. As the star 
pulsates it changes between F8 and GO. 

¢ Normae is a triple system. The primary is a my +4.47 B4 of 3.5 Do and has a 
B9.5 spectroscopic companion in a 3.6 day long orbit. Separated by 22.8” the 
secondary is a late B-class, probably a B9, of m, +7.46 and about half the size and 
mass. It orbits the primary with a period of about 106,400 years. 

u Normae looks like a my +4.68 single star but its magnitude is enhanced by a 
couple of companions. The two brightest stars are my +5.14 and +5.70 with an 
orbital period of 26.93 years. The main star is an A7 of 1.5 Do. In orbit around 
these two stars is a third dwarf that takes about 4,800 years to complete one orbit. 
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Open clusters in Norma 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 6067 13’ 17 4,600 119 V340 Nor 84 +5.6 
my +8.25 
NGC 6087 108’ 91 2,900 95 HD 145782 9201 +5.4 


my +5.63 


Octans 


Constellation: Octans Hemisphere: Southern 
Translation: The Octant Area: 291 deg” 
Genitive: Octantis % of sky: 0.705% 
Abbreviation: Oct Size ranking: 50th 


There seems to have been no end to Abbé de La Caille’s talent to create mundane 
objects out of faint stars. The constellation contains Polaris Australis, the star 
that is closest to the South Celestial Pole. 


Bayer’s idea that stars should be designated according to their brightness appears 
to have been forgotten when celestial cartographers got down to mapping the 
southern skies. a Octantis is the constellation’s Sth brightest star, the brightest 
being. ...8 perhaps? No, of course not. Nor is it y or 6 or € or....this could take a 
while. In fact, the brightest star is v - the 13th letter of the Greek alphabet! « Oct 
gives the impression it is a single my, +5.13 star but in fact it is binary of two 
nearly identical components. The two stars are in a very close orbit that starts out 
at 0.17 AU (25.4 million km) and then closes in to just 0.08 AU (12 million km). 
Mercury, for comparison, averages 0.4 AU (59.8 million km) from the Sun. This 
makes the two stars impossible to separate visually and astronomers have to rely 
on spectroscopic data. It is likely that the stars are an F6 and an F5 with 
luminosities of about 7.4 Lo each and diameters of 2.4 Do. They are heading 
away from us at some pace, 45 km/s, suggesting they may be strangers to our 
corner of the Galaxy, and are currently 148 ly from Earth. 

B Octantis is indeed the second brightest star at my +4.13, a full magnitude 
brighter than « Oct. It is the same size as the Sun but there the similarity ends. 
Whereas the Sun has a surface temperature of 6,000 K, B Oct is about 7,600 K and 
belongs to the A9 spectral group. At 140 ly it is at a similar distance to « Octantis 
but there is no obvious link between the two. 

Octans contains three stars with the designation y. y' Octantis is the 
brightest at my +5.11 and 49 Lo. A giant of 11 Do it is a G7 and lies somewhere 
between 257 and 277 ly away. y* Octantis is the next brightest at m, +5.29 and 
is also a giant, this time a G8 of 13 Do and 34.3 Lo. It lies between 233 and 251 ly 
from Earth. The faintest is the m, +5.73 y” Octantis, an 11 Do KO lying between 
300 and 330 ly distant. Although there are clear similarities between the three 
stars they are not thought to be associated. 

The red giant ¢ Octantis is a semi-regular SRb variable with a period of around 
50 to 55 days during which its magnitude dips from a maximum of my, +4.58 toa 
minimum of +5.30. It is 38 Do across and has a luminosity of 46 Lo. From a 
distance of 268 ly it appears as a Sth magnitude star but at 10 pc it would have an 
absolute magnitude of M, -1.0. 

dX Octantis is a binary star of my +5.47 and +7.17 at a distance of 436 ly. The 
brighter component is a G9 giant of 10 Do accompanied by an A3 dwarf of 1.3 Do. 

v Octantis is, strangely enough, the brightest star in the constellation at m, 


Octans 
Magnitude Apparent Magnitudes 


Go, X 
+? + 
South 


Celestial 
Pole 


Distances 


°5 


0 50 100 150 200 250 300 350 400 450 500 
Distance (ly) 


314 The Star Atlas Companion 


Octans 


ey. A (F6) Oct B (F5) 
) 24D, 
1.8 Mo 
148 ly 


V Oct (K1) 
5 Do 
1.2Mo 


A Oct B (A3) 69 ly 


B Oct (A9) 
1 Do 
2.7 Mo 
140 ly 


A Oct A (G9) © Oct (FO) 


2.7 Do 
2.8 Mo 
270 ly 


Octans' Giants 


y' Oct (G8) y? Oct (KO) y° Oct (G7) 
13 Do —~, 


w ) 27M, 
} 242Iy 


4 


* % Oct (K3) € Oct (M5) 


Octans 315 


+3.73. One of many K1 class stars it has a diameter of 5 Do, a mass of about 1.2 
Mo and is 12 times more luminous than the Sun. It is also the closest star in the 
constellation to us at 69 ly and has a spectroscopic binary about which virtually 
nothing is known except that the orbital period is 2.84 years and the pair are 
separated by 1-2 AU. v Oct is a member of the Wolf 630 moving group. This 
group consists of as many as 200 stars that have similar physical and orbital 
characteristics. 

o Octantis is sometimes referred to as Polaris Australis or the Southern Pole 
Star. However it is not as bright (m, +5.45 compared with Polaris’ m, +1.98), as 
close to the pole (1.05° vs. 0.75°) or as big (2.7 De vs. 67 Do) as its northern 
counterpart. At 270 ly it is a lot closer than Polaris, which is 431 ly away, but at 
37 Lo it is just 1.6% as bright at the North Pole Star. Like Polaris though it is an F- 
type star though at opposite ends of the class (FO, while Polaris is an F7) and it is 
variable but belongs to the 6 Scuti brigade rather than being a Cepheid. Its 
magnitude varies between m, +5.45 and +5.50 with a period of 2" 19.7™. In fact, 
o Oct is the Mr Average of naked eye 6 Scuti variables as its amplitude, variable 
period and diameter are all spot on average for the type while its spectral class is 
the most common among this sort of variable. 

The largest star in the constellation is y Octantis, a 57 Ds K3 which lies at a 
distance of 250 ly. It also has the brightest absolute magnitude of M, -2.3. 
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Constellation: Ophiuchus Hemisphere: Equatorial 
Translation: The Serpent Holder Area: 948 deg” 
Genitive: Ophiuchi % of sky: 2.298% 
Abbreviation: Oph Size ranking: 11th 


Ophiuchus is sometimes referred to as the 13th Zodiacal sign as the Ecliptic 
passes through the southernmost part of the constellation. The Sun actually 
enters Ophiuchus on 29 November and leaves on 18 December. In mythology 
Ophiuchus is associated with Asclepius, the Greek god of medicine who 
traditionally holds a snake - the neighboring constellation of Serpens which it 
divides. The serpent is still used today in medical circles usually occurring as a 
pair entwined around a herald’s staff called a caduceus. 


a Ophiuchi has the proper name of Ras Alhague meaning ‘Head of the Snake 
Collector’. It isan AS of 2.8 Do and rotates at an average of 219 km/s taking 15.5 
hours to complete one full turn. This can vary however between 210 and 228 
km/s so a single rotation can last from 14.9 to 16.2 hours (compared to the Sun’s 
25 days). It is one of the closer stars in the constellation at 46.7 ly - there are a 
couple of others that are half as close again - and is an astrometric binary. Very 
little is known about its dwarf companion other than it is in an 8.7 year long 
orbit and the two are separated by an average of 7 AU. « Oph is suspected of 
being a 6 Scuti type variable although the jury is still out on that one. 

At first glance B Ophiuchi or Cheleb looks like a common or garden K2 
giant traveling through space towards us at 12 km/s and currently 82 ly away, 
but it seems to have a number of variable periods. The longest lasts 142 days 
during which its magnitude varies ever so slightly. Current thinking is that the 
variation is due to a large single or large groups of star spots. If the star is 18 Do 
across then this suggests a rotational velocity of 6.4 km/s. A secondary 
fluctuation with a period of 13.1 days may be due to the star wobbling like 
gelatin. 

6 and ¢ Ophiuchi are linked by name - Yed Prior and Yed Posterior - although 
they have nothing to do with one another other than appearing in the same 
small segment of the celestial sphere. 6 Ophiuchi is an MO.5 red giant of 54 Do 
and about 650 Lo and lies at a distance of 170 ly. In Solar System terms it would 
swallow up Mercury. ¢ Ophiuchi is much closer at 108 ly and is a G9.5 
yellowish-orange giant of 12 Do. 

Despite its designation ¢ Ophiuchi is the third brightest star in the 
constellation at m, +2.56. What cannot be seen with the naked eye is a huge 
nebulosity that surrounds the star. € Oph is a Be emission star that actually 
belongs to spectral group O9. Some 458 ly away it is 68,000 times more luminous 
than the Sun. Estimates of its rotational velocity range from 340 to 379 km/s 
putting it in the top 0.4% of fast spinners and signaling that the star is inherently 
unstable. It probably measures 8 Do pole to pole while the equatorial diameter 
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could be as much as 24 Do. Its instability manifests itself as slight variations in 
brightest, the magnitude flickering between m, +2.56 and +2.58 putting the star 
in the y Cas eruptive variable class. 

The eccentricity of an orbit - effectively how non circular it is - can go from a 
value of 0, indicating it is perfectly circular, to almost 1 in which case it is a very 
long narrow ellipse. Beyond 1 the orbit becomes an open ended curve called a 
parabolic ‘orbit’ or, in extreme cases, a hyperbolic ‘orbit’. The Solar System’s 
planets have near-circular orbits while comets tend to have highly elliptical 
orbits, spending most of their lives in the cold outer reaches of the Solar System 
and only briefly passing close to the Sun. Comets in parabolic or hyperbolic 
‘orbits’ pay only one visit to the Sun before being ejected from the Solar System. 
The 88 year long orbit of the binary system yn Ophiuchi is very much comet-like 
with an eccentricity of e = 0.94. In practice this means that the two stars come as 
close together as 2 AU but then separate by up to 65 AU (300 million km to 9,724 
million km). The primary is a my, +3.2 A2 with a diameter and mass of a little 
more than two Suns and a luminosity of 35 Lo. The secondary component is an 
A3, a bit smaller — about twice the diameter and mass of the Sun - but with a 
much lower luminosity of 21 Lo. The pair are 84.1 ly from Earth so appear as a 
single star of m, +2.47 making it the second brightest star in the constellation. 

60 Ophiuchi is interesting not just because it is a pulsating B Cepheid variable 
but because no one really knows how many stars exist in the system. It is 
definitely an astrometric binary but there could be at least one more star, and 
possibly two lurking around. The main component is a B2 of 7.3 Do and 11,500 
Lo. Its magnitude varies between my +3.25 and +3.31 with a period of 3" 22.4™. 
The whole system, if indeed it is a system, lies at a distance of 563 + 60 ly. 

« Ophiuchi is a giant pulsating K2 variable, probably an Lb, with a diameter 
of 18 De and a luminosity of about 30 Lo. It is a high velocity star, closing in on 
us at 56.5 km/s. The Germany astronomer August Kopff (1882-1960) is credited 
with the discovery of its variability. He considered it to be irregular with an 
amplitude of half a magnitude. His observations were doubted by most of the 
astronomical community who could not verify the variability. The first issue of 
The Variable Star Observer in July 1991 carried an article by Tristram Brelstaff in 
which he suggested that there was confusion between « Oph and xy Ophiuchi, a 
14 Do B2 which is known to be variable between my, +4.18 and +5.00. Although 
the two stars are at opposite ends of the constellation Brelstaff pointed out that, 
when written by hand, « and y can look very similar. He even cites a documented 
case of this happening and reported in a 1948 issue of Popular Astronomy. The 
17th Edition of Norton’s Star Atlas (1973) did not consider the star to be variable: 
the current 20th Edition does. Today « Ophiuchi’s variability is taken as read, its 
brightness fluctuating between my, +4.18 and +5.00, nearly a full magnitude. It is 
possible that the star was constant for a while and has since returned to its 
variability cycle, but is there also a possibility that the star is actually constant 
and that there is a confusion of identities? 

4 Ophiuchi is a binary system of two A-class stars. The brightest at m, +4.17 is 
an AO of 2.5 Do and 2.6 Mo. Its companion is a bit smaller at 2.0 Do and 2.22 
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Mo and is an A4 of m, +5.21. The pair orbit their common center of mass once 
every 129.87 years during which their distance varies between 18 and 68 AU. A 
third star of my +10.7 about 120” south may be part of the system though this is 
doubtful. 

A small telescope will reveal p Ophiuchi to be a binary: a pair of hot B2-class 
stars locked in a gravitational embrace that sees them orbit their barycenter once 
every 2,000 years or so. Just 3” separates them on the celestial sphere but they are 
in reality about 400 AU apart and lie at a distance of 394 ly. They are also 
embedded in a thick dust cloud that is giving birth to new stars: most are just a 
few hundred thousand years old or less. Without the cloud absorbing much of 
the star’s light, p Oph would be a 3rd magnitude object. Instead it shines at just 
m, +5.05. 

A small, hot A-class star in Ophiuchus has one of the most compact dust shells 
so far detected, suggesting a young star in the late stages of planet formation. 51 
Ophiuchi is just 0.8 Do and lies at a distance of 426 ly. The compact disk 
around the AO star extends out to about 4 AU and is 100,000 times as dense as the 
Solar System’s Zodiacal Cloud. It is thought that this indicates the disk is still 
very young and contains numerous asteroid and comet-like bodies that 
frequently collide, adding debris to the cloud. Beyond the inner disk is another 
which billows outwards, extending to about 1,200 AU. This outer disk contains 
much smaller dust grains, about the size of smoke particles, that are blown away 
from the star by the relentless pressure of radiation. So far no planets have been 
discovered around 51 Oph which is rotating at 228 km/s, taking just 4.3 hours to 
complete one rotation. 

70 Ophiuchi is a well known binary consisting of two dwarf K-class stars. 70“ 
Ophiuchi (or 70 Ophiuchi A, if you prefer) is the brighter of the two at m, 
+4,22. Only 85% the size of the Sun and with 89% of its mass it has a rotational 
velocity of 16 km/s and completes one turn every 2.7 days. Its companion, 70® 
Ophiuchi, nearly two magnitudes fainter at my +5.91, is a KS and smaller and 
less massive at 0.70 Do and 0.71 Mo. When at periastron the two are 11.6 AU 
apart, translating to 1.7” on the celestial sphere but this widens to 6.7” at 
apastron when the two stars are 34.8 AU apart. The orbital period is 88.4 years 
and, because the stars are only 16.6 ly from Earth, it is one of the most 
thoroughly studied binary systems. Even so, observers cannot agree on what 
color the stars are with yellow and red, gold and violet, pale topaz and violet, 
bright yellow and orange and gold and rusty orange all being reported. 

The variable star V2105 Ophiuchi has one of the greatest radial velocities of 
all stars, heading away from us at 99.3 km/s and putting it in the top ten of fast 
naked-eye stars. An M3 red giant of 38 Do it is a semi-regular, SRb, variable that 
oscillates between my, +5.00 and +5.38. It is currently 507 ly away. 

Ophiuchus is home to one of the most famous of all stars, Barnard’s Star 
(V2500 Ophiuchi). Discovered in 1916 by Edward E. Barnard (1857-1923), a 
Nashville, Tennessee born astronomer who worked at the Yerkes Observatory in 
William’s Bay, Wisconsin, it is the second closest star to us lying just 5.98 ly away 
(that is if you count the entire « Centuari system as the closest). At m, +9.54 it is 
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well below the naked-eye limit, testament to the fact that this tiny star, just 0.15 
to 0.20 Deg and 0.17 Mo, is a faint red dwarf belonging to spectral group M4. It is 
also one of the oldest stars in our neighborhood at 10,000 to 12,000 million 
years; nearly as old as the Galaxy itself (13,200 million years). Formed in an era 
when the Galaxy as a whole was metal-poor, Barnard’s Star has just 10% the 
metallicity of the Sun. It is just visiting our part of the Galaxy though, its high 
velocity of 139 km/s sweeping it across the sky by 0.5° in a human lifetime and 
indicating that it originated in the galactic halo. 

A little over 400 years ago, on 9 October 1604, a bright new star was seen just 
to the east of § Ophiuchi. Although first noticed by observers in Italy it came to 
be called Kepler’s Star (SN 1604) after Johannes Kepler who described its 
appearance in detail. This supernova remained visible for 18 months and lies no 
more than 20,000 ly from the Sun. 

Several stars in Ophiuchus harbor planets including a 2.7 Dg super-Earth, GJ 
1214 b, which is 6.5 times as massive as our own planet, and a planet that is 
approaching the limit for a brown dwarf, HD 156846 b. 

Ophiuchus contains a number of clusters. The open star cluster IC 4665 was 
first noticed by the Swiss astronomer Philippe Loys de Chéseaux (1718-51) who 
was more famous for his discovery of a 7-tailed comet. It’s an easy target in a 
binocular or wide field telescope and consists of at least 35 stars It lies at a 
distance of 1,400 ly and is estimated to be 36 million years old. de Chéseaux also 
discovered NGC 6633, an open cluster about the size of a full Moon and 
containing 30 stars set at a distance of 1,040 ly. It is believed to be much older at 
660 million years. 

Messier 9 is just about visible in very dark skies having an apparent 
magnitude of m, +7.7. To the eye this open globular looks as though it is 3’ to 4’ 
across but photographs reveal it to be at least 12’ across. At a distance of 25,800 ly 
- only 5,500 ly from the galactic center - its angular size translates into a 
diameter of 90 ly. M9 is moving away from us at a staggering 224 km/s. 

Messier 10 is a brighter, larger and easier globular cluster to find at m, +6.6. 
Some 20’ across it has a diameter of 83 ly and is heading away from us at 69 km/s. 
It is currently 14,300 ly away. 

Slightly smaller at 75 ly and farther away at 16,000 ly Messier 12 could 
otherwise be the twin of M10. It is about 16’ across and is m, +6.7. 

Messier 14, another globular cluster, is slightly elliptical. It is home to more 
than 70 variables, an unusually high number, and lies 38,000 ly from the Sun. It 
is about 100 ly across at its widest point. 

Messier 19’s proximity to the galactic center, just 1,900 ly away, has 
distorted the globular cluster into an oblate spheroid, approximately 140 by 70 
ly. It lies 31,300 ly from us. 

Messier 62 is somewhat farther from the galactic center at 6,200 ly but even 
so tidal forces have resulted in a very irregular shape about 98 ly across. 

An estimated 79 ly across Messier 107 is 20,900 ly from Earth and appears as 
amy +7.9 object. 
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Planetary systems in Ophiuchus 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 


HD 148427 3.22 KO 193 +6.89 HD 0.96 M, 0.781 1.079 332d 
148427 b 


HD 149143 1.2? GO 205 47.9 HD 1.33 M, 0.052 0.054 4.07 d 
149143 b 


HD 156846 1.4? GO 160 +6.51 HD 10.45 M, 0.15 1.83 360d 
156846 b 


HD 170469 1.22 G5 212 +8.21 HD 0.67M, 1.99 2.49 3.14y 
170469 b 


HD 171028 1.95 GO 294 +8.31 HD 1.83 M, 0.50 2.08 1.47 y 
171028 b 


CoRoT-6 1.025 F5 45.3 +13.9 CoRoT-6b 2.96M, 0.078 0.093 8.89d 
GJ 1214 0.211 M4.5 42.4 414.67 GJ1214 65M, 0.010 0.018 1.58d 


Open and globular clusters in Ophiuchus 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
IC 4665 117’ 39 1,150 45 HD 161573 149 +4.2 
my +6.85 
NGC 6633 71' 25 1,200 425 HD 170200 144 +4.6 
my +5.73 

M9 12’ 90 25,800 Globular cluster +7.7 
(NGC 6333) 

M10 20’ 83 14,300 Globular cluster +6.6 
(NGC 6254) 

M12 16’ 75 16,000 Globular cluster +6.7 
(NGC 6218) 

M14 9’ 100 38,000 Globular cluster +7.6 
(NGC 6402) 

M19 17’ 155 31,300 Globular cluster +6.8 
(NGC 6273) 

M62 15’ 98 22,500 Globular cluster +6.5 
(NGC 6266) 

M107 13’ 79 20,900 Globular cluster ++7.9 


(NGC 6171) 
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Constellation: Orion Hemisphere: Equatorial 
Translation: Orion the Hunter Area: 594 deg” 
Genitive: Orionis % of sky: 1.440% 
Abbreviation: Ori Size ranking: 26th 


One of the most magnificent and best known constellations in the entire sky 
Orion’s equatorial position makes it a favorite of astronomers in both hemispheres. 
Homer mentions Orion in the XIth Book of The Odyssey as the lover of Aurora and 
he is also said to be chasing the Pleiades nymphs across the heavens, but he is also a 
great hunter, accompanied on his never ending journey by his loyal dogs, Canis 
Major and Canis Minor, who are often depicted as chasing Lepus the hare. 


It is one of the brightest and most widely studied stars and most people - even 
those who have no interest in astronomy - know it by its proper name of 
Betelgeuse. Yet we know very little of any substance about « Orionis. We do 
know, or at least we think we know, that it belongs to spectral class M2, that its 
magnitude is variable and that it has a surface temperature of 3,650 K. We also 
know that it is big, but exactly how big is almost anyone’s guess. Estimates range 
from a ‘mere’ 230 Do (2.1 AU) to an enormous 1,500 De (14 AU - about half the 
distance between Jupiter’s and Saturn’s orbits). It depends on what method is 
used to measure the star with infrared observations resulting in larger estimates. 
The problem is compounded by the fact that the star is embedded in multiple 
dust and gas shells stretching out to 20,000 AU, the result of a lifetime of ejecting 
vast amounts of material into space. In all Betelgeuse has lost an entire solar mass 
in this way. Estimates of its distance are no better ranging from 427 ly to 640 ly, 
and its luminosity could be anywhere between 85,000 and 105,000 Lo. Whatever 
method is used to measure « Ori it does appear to be shrinking by 0.75% per year, 
although no one knows if this trend will continue, cease or go into reverse. 
Betelgeuse appears to be oval and has a number of hot spots on its surface. It 
belongs to the SRc class of semi-regular variables, changing from my, +0.50 to 
+1.30 and back with a period of 2,335 days (6.4 years) although there are other 
underlying periods of between 200 and 400 days. While our knowledge of 
Betelgeuse is sketchy, to say the least, we know even less about its two 
companions. Discovered in 1985 using speckle interferometry the closest 
companion averages 5 AU from Betelgeuse and takes 2 years to complete an 
orbit. The other averages 40 to 50 AU and its period is thus far unknown. 
Diagonally opposite Betelgeuse is another well known star, Rigel. Despite 
being given the B Orionis label it is usually the brightest star in the constellation 
although « Orionis’ variability may sometimes relegate it to second place. At my 
+0.12 Rigel is therefore generally considered to be the 7th brightest star in the 
entire sky. Place Rigel and Betelgeuse at the same distance of 10 pc from Earth 
however and the difference between the two stars would immediately become 
apparent. Rigel, a hot B8 supergiant of 11,500 K and 35,170 Lo, would sparkle at 
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a brilliant blue-white M, -7.1 while Betelgeuse would glow a distinct red at M, - 
5.6, still outshining Venus (m, -4.6) but noticeably dimmer than the luminary 
Rigel. At least 58 Do (0.5 AU) and possibly as big as 74 Do (0.7 AU) across Rigel is 
much farther away than Betelgeuse at 773 ly. If Rigel is on its way to becoming a 
red supergiant for the first time then its mass is likely to be in the order of 17 Mo, 
but if it has already been there, done that and returned as a blue-white supergiant 
then its mass will be around 13 to 14 Mo. Rotating at 36 km/s it will complete 
one revolution in 81.5 to 104 days depending on its true diameter. Rigel is also a 
multiple star system. It has a B9 visual companion which is my +6.5 and is 
separated from Rigel by 9.5”, so it should be easy to find in a small telescope. 
Except that it isn’t. Rigel’s sheer brilliance hides its faint companion and is a 
challenge in smaller telescopes. In real space the two are separated by at least 
2,600 AU and have an orbital period of around 18,600 years. Completely hidden 
is the companion’s companion: another B9 somewhat less massive - 2.94 Mo 
compared to 3.84 Mo, - and in a 9.86 day long orbit. A fourth star, again a B9 is in 
a 46.9 year orbit around the my, +6.50 star. 

About 10’ to the west of Rigel is the bright reflection nebula IC 2118, better 
known as the Witch’s Head Nebula. 

Compared to Rigel and Betelgeuse, Bellatrix seems positively boring. The 
proper name of y Orionis means ‘female warrior’ and it is therefore sometimes 
called ‘The Amazon Star’. Belonging to the B2 spectral group it is a hot, 21,500 K, 
giant of 8.1 Do and perhaps 8 Mo. Its 6,400 Lo shine at m, +1.64 from a distance 
of 243 ly but the star would have an absolute magnitude of My, -2.7 at 10 pc. It is 
suspected of being micro-variable by less than 3/100th of a magnitude. Its 
rotational velocity is 55 km/s, on the slow side for a B2 class which average 142 
km/s, so it takes just over a week to complete a single revolution. 

The last corner of the great rectangle that, for many, easily identifies Orion is 
marked by x Orionis or Saiph. Another B-class star, though only just at BO.5, the 
65,000 Lo pouring out at a distance of 722 ly, most of it ultra-violet, gives rise to 
a modest my +2.05. Once again though its magnitude would jump to -7 at 10 pce. 
Believed to have a diameter of 38.2 Do it rotates at a modest 65 km/s taking 29.7 
days to spin once on its axis. 

The three stars that make up Orion’s Belt are similar in many respects. 5 Orionis 
or Mintaka, the most westerly of the three, is the dimmest fluctuating between m, 
+2.14 and +2.26 with a period of 5° 17" 34.8™. The variability is due to a 
companion, the two stars eclipsing one another and therefore belonging to the EA 
category of variables. The primary, which is usually referred to as 5“ Orionis, is an 
09.5 of 13 Do and lies at a distance of 916 ly. If you are wondering where 58 
Orionis is, it is hugging 5“ Ori and may be identical to it. They are an astrometric 
pair with an orbital period of 5.732 days. Almost due north of 5“ Orionis at 52.5” is 
8° Orionis, a B2 of m, +6.85 and with a diameter of 6.6 Do. The separation 
translates into 16,000 AU - about a quarter of a light year - with an orbital period in 
excess of 360,000 years. 6 Orionis has an important role in the history of 
astronomy. In 1904 the German astronomer Johannes Hartmann (1865-1936) was 
studying the star from Potsdam Observatory when he noticed that the spectral lines 
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of calcium were fixed indicating the star’s light was passing through clouds of dust 
and gas: the interstellar medium had been discovered. 

The middle star of Orion’s Belt is ¢ Orionis or Alnilam. A BO supergiant of 32 
Do and 40 Mo it burns at 25,000 K and emits 375,000 Lo. It is an « Cygni 
pulsating variable, peaking at m, +1.64 before falling by a tenth of a magnitude 
with no discernable period. This young star, just 4 million years old, rotates at 65 
km/s taking 25 days to complete a single rotation. Photographs show it bathed in 
a huge molecular cloud which, because of the star’s spectral class, looks blue. It is 
the farthest of the three Belt stars at 1,342 ly. 

The easternmost star is, of course, the m, +1.89 ¢ Orionis or Alnitak. It is 
definitely a binary and may even be a triple star system. The primary, C* 
Orionis, is a m, +2.03 O9.7 making it the brightest O-class star though, to be 
fair, there are only a couple of dozen naked eye O-class stars in the entire sky. It is 
20 Deo across, weighs in at 20 Mo and is nearly 9,000 times as luminous at the 
Sun. Spinning at 135 km/s it rotates once in just 7.5 days and although it is only 
about 6 million years old it is already beginning to die. Its binary companion, C® 
Orionis, is a smaller 8.1 Do, 14 Mo BO separated from the primary by at least 
1,300 AU - 2.6” on the celestial sphere - and taking more than 1,500 years to 
complete a single circuit of its orbit. Its magnitude is my, +4.21 but the combined 
magnitudes of the two stars give the impression of a single star of my +1.89. They 
are the closest of the three Belt stars at 817 ly. The third component, C° Orionis, 
is of the 10th magnitude and separated by almost a degree (57.6”). If it is a 
genuine member of the system, and not just a line of sight coincidence, then the 
orbital period will be more than 190,000 years. Just below € Ori is the famous 
Horsehead Nebula (1C2118), a vast dense cloud of dust set against the bright 
nebula IC 434. Discovered in 1888 by the Scottish astronomer Williamina 
Fleming it requires a substantial telescope to clearly show its shape. 

o Orionis is a complex of no fewer than five stars. The primary, o* Orionis, is 
am, +4.20 09.5 with a temperature of 32,000 K, a mass of 18 Mo and a diameter 
of 7 Do although it looks like a m, +3.78 star. The next brightest star at m, +5.1 is 
o® Orionis, a BO.5 so somewhat cooler at 29,600 K, a less massive 13.5 Mo but 
larger at 8.1 Do. This makes the pair one of the most massive visual binary systems 
known. o“ and o® Ori have an average separation of 0.25”, equivalent to 90 AU, 
and an orbital period of 155.3 years. oc? Orionis comes next in the magnitude 
stakes at my +6.62. It is a B2 of 7 Mo. It orbits o“ and o® Ori at an average distance 
of 4,600 AU taking at least 67,000 years to complete an orbit. Just a smidgen 
fainter at m, +6.65 is o” Orionis. In some respects it resembles o” Ori: 7 Mg anda 
B2, but it is unusually helium-rich which appears to be concentrated in pools near 
its surface. It is also much farther away from the primary at 15,000 AU, possibly 
more, and with an orbital period in excess of 266,000 years. Finally there is o© 
Orionis, by far the faintest at m, +9. It is an A2 in a 40,000 year orbit with an 
average distance form the primary of 3,900 AU. We say ‘finally’ but that is not 
strictly true. These five stars seem to be embedded in a cluster of low mass stars and 
brown dwarfs and no one is entirely sure of the relationships that exist between 
them. The whole cluster lies at a distance of 1,148 ly. 
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A string of six stars due south of the Belt is often depicted in drawings of Orion 
to be his sword or scabbard. The most northerly of these is 42 Orionis, a 4.8 Do 
B1 some 786 ly away. It has an unusually slow rotational velocity. B1-class stars 
average 150 km/s but 42 Ori manages just 20 km/s - under 3% have velocities of 
20 km/s or less - though this may just be because of the angle of the star’s 
rotational pole which could be pointing towards us and therefore giving a false 
reading. Its apparent visual magnitude is m, +4.59 but its absolute magnitude is 
M, -3.6. It is suspected of being a variable, fluctuating by 1/10th of a magnitude. 
Just to the east lies 45 Orionis, an FO about 371 ly away and shining at m, +5.26. 
No one really knows its diameter but a guesstimate would be about 6 Do. 
Surrounding 42 and 45 Ori is NGC 1977 a bright nebula which is peppered with 
a number of bright stars. NGC 1981 is a beautiful cluster of about a dozen bright- 
ish members just to the north of 42 Ori and centered about 800 ly away. The 
cluster probably has about 40 members in total. 

The next star in line is 6" Orionis. To the naked eye this is an unremarkable 5th 
magnitude star but a small telescope or a binocular will reveal three others in a 
formation that is now widely known as The Trapezium. These four young stars are 
just the tip of the cosmic iceberg. There are another 1,000 hidden from view by the 
M42 gaseous nebula in which they are embedded and from which they were 
formed. However, the radiation from the brighter stars of the Trapezium, 
particularly the ferocious 1,000 km/s stellar wind from 6'© Orionis, is slowly but 
surely destroying the nebula so that in 100,000 years from now it will all but have 
disappeared. The Trapezium’s stars are usually labeled from west to east (or right to 
left, if you prefer). @'* Orionis is a 5.2 Dj hot O06 around 30,000 K and with a 
mass of 5.9 Mo. It is an Algol-type EA variable, with a period of 65° 10" 22.5™. At 
maximum it reaches m, +6.73 and then dips to +7.7 for 2.3 hours. The cause of its 
variability is an m, +8.1 B2 companion just 1 AU from the primary. A bit smaller at 
4.8 Do the two stars eclipse one another every couple of months. The second of 
the four bright stars, and the most northerly, is 6*® Orionis. This consists of four 
stars in a complex orbital arrangement. The brightest star is a BO of my +7.96 to 
+8.60, its variability of 6.471 days due to a 2 Mo orbiting companion of spectral 
group B3. 6*© Orionis is the most massive of the brighter stars at 40 Mo and 30 
Do. Being an O5 class it has a surface temperature of 40,000 K and is responsible 
for emitting 90% of the UV radiation released by the four Trapezium stars. 
Embedded within the M42 nebula are numerous young T-Tauri stars that, under 
‘normal’ circumstances, would be surrounded by circumstellar gas and dust clouds 
that could form planets. The massive amounts of ionizing radiation released by 6'© 
Orionis however is destroying the gas clouds and preventing planetary formation. 
6’? Orionis, the most easterly of the four, is a m, +6.71 BO.5 in orbit with 6“ 
Orionis that takes more than half a million years to complete. Each of the four 
main stars has other stars in orbit around it, and those orbiting stars are sometimes 
binary or more complex systems. Such orbital spaghetti is the result of large 
numbers of stars forming in a relatively small volume of space. The orbits are 
inherently unstable with some of the stars being gravitationally kicked into deep 
interstellar space. The Trapezium is about 1,500 ly from Earth. 
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Observers sometimes spend so much time looking at 0'Orionis that they 
overlook 6? Orionis which is also a double. The primary is an 8 De O9.5 with an 
apparent magnitude of m, +5.08 and an absolute magnitude of M, -4.4. With a 
rotational velocity of 165 km/s - a bit high for this class of star that averages 135 
km/s - it takes just 2.5 days to turn once on its poles. Its companion is a my, +6.4 
BO.5 orbiting at an average distance of 30,300 AU. 07 Ori lies 1,896 ly away with a 
large margin of error: about 700 ly. 

The next star in the sword, 1 Orionis, is also the brightest at m, +2.74. In fact 
its Arabic name Na’ir al Saif means ‘The Bright One in the Sword’ although 
Antonin Be¢var in his Skalnate Pleso Atlas of the Heavens (1951) referred to it as 
Hatsya and that name is still popular. It is a quadruple system lying at a distance 
of between 1,000 and 1,650 ly and probably towards the farthest end of the 
estimate. It is another hot O9, around 31,500 K and with a diameter of 6 Do. At 
11.3”, some 20,000 AU in space, is a B7 companion 1"8 Orionis (PA 141°) of my 
+7.1. It is a helium deficient star with enhanced levels of phosphorus and 
gallium and takes at least 700,000 years to complete an orbit of the primary. °° 
Orionis is a much fainter 11th magnitude A or F class star separated by 49.5” at 
PA 103°. Its 4,400 AU orbit takes 75,000 years to complete. The third component 
is an astrometric binary of B1 class in a 29.134 day orbit around the primary 1“ 
Orionis which sees it come to within 0.11 AU at periastron and then swing out to 
0.8 AU at apastron. The high velocity winds from the two stars create copious 
quantities of X-rays as they collide. About 2.5 million years ago the 1 Orionis 
system was even larger and more complex and part of the Trapezium but it was 
ultimately less stable. The result was the gravitational ejection of two of the stars 
which are now designated as AE Aurigae and » Columbae. 

The most southerly star in the sword is HD 36960. It is a m, +4.78 BO.5 which 
is suspected of being slightly variable by 9/100th of a magnitude. It is another B- 
type star with an apparently slow rotational velocity of 25 km/s. Couple this with 
a diameter of 7.7 Do and the rotational period works out at 15.6 days. It is a 
binary, its companion having very similar characteristics of being a Bl, a 
diameter of 6.97 Do and also rotating at 25 km/s. It is my +5.51 and is located at 
PA 43.7°. The two average 20,600 AU apart. Often mistaken for its companion is 
HD 36959 which lies at PA 223°. The 36.2” distance between the two makes 
them easy to separate in even the smallest telescopes or binocular. While HD 
36960 is an estimated 1,864 ly away HD 36959 is more than three times the 
distance at 5,930 ly. It is also a B1 with a magnitude that varies between my, +5.67 
and +5.72. Burning at 23,800 K it is 5.24 Do across and is 11.3 Mo. Just to 
confuse matters further, it is also a binary, its my +8.84 companion considerably 
less massive at 4.88 Mo and located just 0.6” away at PA 120°. The pair have an 
orbital period of 1,183 years and average 285 AU distance from one another. 

The small triangle of stars that mark Orion’s head are designated, from top to 
bottom, 2, >! and ” Orionis though, as ever with Orion, nothing is what it 
seems and 6! is related to 4 and not to $7. 4 Orionis is the brighter of the three 
at m, +3.54. It is an O8 with a diameter of 8.1 Do and 25 Mo. Spinning at 66 km/s 
its 35,000 K surface releases 65,000 Lo ionizing the gas and dust cloud in which it 
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is embedded by up to 150 ly which shows up as concentric red colored rings. It is 
also a binary system. Its partner is am, +5.6 BO.5 separated by 4” so easily spotted 
in a binocular. The system is 1,056 ly from Earth. 6’ Orionis is a little closer at 
985 ly and both it and ’ are heading away from us at about 33 km/s. It is a BO 
giant of 17 Do and appears as a my, +4.41 star but would make M, -4.6 at 10 pc. 
The unrelated }? Orionis is a KO giant of 12 D, and shining at my +4.09. It is the 
closest of the three stars at 116 ly. It is also a runaway star, hurtling through 
space at 98.7 km/s away from us and a visitor from another part of the Galaxy. 
Just above the three stars of Orion’s head is HD 36881, another B-class - this 
time a B9 - which is 1,463 ly away. It is quite faint at my +5.63. 

The tip of Orion’s club is indicated by y' and y? Orionis but apart from sharing 
the same name and the fact that both stars are spectroscopic binaries, they have 
nothing else in common. x’ Orionis is a solar analog just 28.3 ly from Earth. 
Slightly larger than the Sun at 1.16 Do, more massive, 1.08 Mos and more 
luminous, 1.06 Do, it is also cooler at 5,940 K and consequently a paler shade of 
yellow. It rotates at three times the velocity of the Sun (6 km/s instead of 2 km/s) 
and so completes a full rotation in just under 10 days. Its apparent magnitude is 
m, +4.40 with its absolute magnitude not changing much, M, +4.71, because its 
distance is so close to the 10 pc marker used in the calculation. Its companion is a 
mid-M class red dwarf about 15% the size of the Sun. It is in a 14.25 year long 
orbit during which the two stars come to within 3.5 AU but then separated at 
apastron to 9.3 AU. Believed to be about 100 million years old the system is part 
of the Ursa Major Moving Group. x'“ Ori is barium-rich which would tend to 
suggest that it has been contaminated by the rapid evolution of a much larger 
star that has subsequently turned into a white dwarf. There is a suggestion that 
about 30 million years ago there were two other stars in the system, one of which 
was the contaminating giant, and because of some cataclysmic event two of the 
stars were ejected from the system and can now be found in Scorpius as 
HD147513 and its companion. y? Orionis is a different story altogether. Shining 
at a similar apparent magnitude of m, +4.64, which is probably why they were 
given similar designations, if y* Ori suddenly found itself 10 pc from Earth it 
would have brightened to an impressive My, -6.8. Part of this is due to its 
luminosity, a staggering 410,000 Lo, but it is also due to its great distance. 
Estimates range from 3,400 to 6,300 ly. No one is really sure, but if y? Ori is part 
of the Gemini OB1 group, as many astronomers suspect, then it will be 4,900 ly 
away. It is a 19,000 K B2, 100 Do across and weighing in at 38 Mo. It is a far 
younger star, probably just 5 million years old, and spins at 40 km/s taking nearly 
126.5 days to rotate once on its axis. As for its companion, apart from being an 
average of 30 AU from its primary absolutely nothing else is known about it. 

7 Orionis is a four and possibly five star system about 900 ly away. The 
primary is a massive BO.5, about 15 Mo packed into a sphere of just 7.7 Do. It is 
an eclipsing EA variable with a period of 7° 23" 44.5™ during which its 
magnitude changes from my +3.31 to +3.60 due to the presence of an unseen 
companion in an orbit that averages 0.09 AU (13.5 million km). Spinning once 
on its axis every 6 days n Ori rotates at 65 km/s. A companion revealed through a 
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small telescope is a my +4.91 B2 emission star which is surrounded by a gas cloud. 
It is smaller than the primary star at 5.6 Do, rather less massive, 9 Mo, and spins 
more slowly at 50 km/s but takes almost the same time to complete a full 
rotation, 5.7 days. The two stars are currently 1.7” apart at PA 78°. In real space 
their orbital distance varies between 266 and 672 AU and takes more than 1,500 
years to complete a single orbit. Rather closer at 12 AU is another member of the 
system that has an orbital period of 9.219 years. A somewhat more tenuous 
member is an A-class star of about 1.7 Mo. 

uw Orionis is another complex double binary system. The main star is p“ 
Orionis. This is an A2 dwarf, 2.4 Do across and with a mass of 2.1 Mo. It is by far 
the most luminous of the quartet at 38.8 Lo and looks like a single m, +4.14 star 
even through a telescope. In orbit around it is the 1.16 Mo G-class p*” Orionis 
which stays at 0.077 AU (11.5 million km) and which takes 4.45 days to complete 
one orbit. Then there is »®* Orionis, a 1.3 Do, 1.46 Mo F3 which has a 
luminosity of 3 Lo and a magnitude of m, +6.24. y®* Ori has its own companion, 
u®” Orionis, which is almost an identical twin: a m, +6.91 F5 of 1.3 De and 1.44 
Mo. This pair are in a very similar orbital arrangement to the Aa-Ab pair: a near- 
circular orbit of 0.078 AU (11.7 million km) which takes 4.78 days to complete. 
The A-pair and the B-pair orbit their common center of mass once every 18.85 
years, approaching to within 3.3 AU before swinging out to 22 AU. On the 
celestial sphere the two binaries are separated by just 0.276”. That coupled with 
the brightness of the main star means they are optically impossible to separate. 
The system lies 152 ly from Earth. 

An arc of six stars near the westernmost boundary of the constellation are 
given the designation zm and in drawings of the Hunter usually depict a lion skin 
draped over Orion’s arm, a shield or a bow. Apart from sharing a common 
identifier, they have nothing to do with one another. x’ Orionis is the most 
northerly of the six, and the faintest at m, +4.65. An AO class it is 2.9 Do, rotates 
at 110 km/s taking just 1.3 days to complete a spin and lies 121 ly from Earth. 
Traveling south, x? Orionis is very similar. Slightly smaller at 2.3 Dg it is an Al 
but is a much faster spinner at 212 km/s. As a result it is slightly oblate and turns 
once in just half a day. x* Orionis is the least luminous, 2.8 Lo, and brightest, 
my, +3.15, of all the x stars due to the fact that it is the closest at a mere 26.2 ly. 
Belonging to spectral group F6 it is a few hundred degrees warmer than the Sun, 
6,400 K, and has a similar diameter of 1.1 Do and mass, 1.2 Mo. It rotates at 17 
km/s and so completes one rotation on its axis every 3.3 days. n° Ori is also 
cataloged as NSV 1731, the code standing for New Suspected Variable. There is 
some evidence that the magnitude varies between +3.15 and +3.21 in 6 Scuti 
style but no one is yet sure. Another newly suspected variable is, by coincidence, 
x* Orionis which gets the catalog number NSV 1742. A good eight solar 
diameters across and about 10 Mo it is a B2 which, from a distance of 1,259 ly 
and with a luminosity of 4,190 Lo, shines at us as a my, +3.65. Its absolute 
magnitude is easy to remember, just change the sign to a negative M, -3.6. Its 
apparent magnitude may vary with a period of 0.62 days but don’t try to measure 
it as the fluctuation is only 3/1,000th of a mag. Also undetectable with the 
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human eye is its companion, another fairly hefty star of 9 Mo and 6 Do. Its orbit 
is just about 0.25 AU leading to a period of 9.52 days. n° Orionis is another 
spectroscopic binary but of the EI variety: a pair of stars that are so close they are 
deformed into egg-shaped objects. No one knows how close the stars are to one 
another and virtually nothing is known about the invisible companion except 
that it is a BO-class dwarf. The primary, however, belongs to the B3 group and is 
6.1 Do. Its magnitude varies between m, +3.66 and +3.73 as the two stars partly 
eclipse each other. The period is 3° 16" 48.5™, the system lying 1,342 ly from 
Earth. Finally to x° Orionis, a rare - well rare for Orion - K2 giant with a 
diameter of 62 Do and lying 954 ly away. It is another NSV, number 1786 in the 
catalog, the suspected variability being my +4.45 to +4.49. 

Like some sort of celestial sorcerer the now-you-see-me-now-you-don’t U 
Orionis is a clear indication that it is a Mira-type variable. Believed to have a 
diameter of between 370 Do and 485 Do - at least the size of the orbit of Mars 
and possibly as big as the orbits of most of the asteroids - this M8 red supergiant 
has a mass of less than 1.5 Mo. When visible to the naked eye its magnitude can 
reach my +4.8, but it won’t stay that bright for long and plunges to m, +13 witha 
period of about 368.3 days. It lies at an uncertain distance of 1,000 ly. If the star 
is spinning at 1 km/s then it will take between 51 and 67 years to turn once on its 
axis. 

There are always two things that are certain about stars that begin with a 
double-V: one, they are variable, and two, there is confusion over their name 
with people reading ‘V V’ as ‘W’. VV Orionis - that is V V Orionis not W Orionis 
- is no exception. A B1 with a diameter of 4.98 Do and mass of 10.9 Mo its 
magnitude changes rhythmically... my, +5.34, +5.73, +5.34, +5.55... with a 
period of 19 11" 39™. VV Ori is, of course, an eclipsing binary. Its companion is a 
B4.5, about half the size of the primary at 2.41 Do and with a mass of 4.09 Mo. 
They are separated by a mere 0.063AU (9.4 million km). It has long been believed 
that a third component, an A4, was in a 119.1 day long orbit but recent studies 
have cast considerable doubt on this idea. 

Like Herschel’s Garnet Star in Cepheus, W Orionis - that’s W not V V - is 
very red. It is a semi-regular variable, an SRb, which often reaches my +5.88 but 
can be as faint as my +12.4. The variability has a period of around 212 days but 
there is also a long term fluctuation that lasts 6.7 years. About 700 ly away it is 
estimated to have a diameter of 220 Do - a full 1 AU - and a luminosity of 460 
Lo. W Ori is a rare, barely naked eye carbon star, a C4.5, which has regurgitated 
carbon from deep within its interior. Despite its huge size it has a mass of just 2 
Mo and a temperature of 3,200 K. It is not the only carbon star in Orion. BL 
Orionis is sometimes a m, +6.3 dimming to m, +9.7 and is a C6.3. About the 
same size as W Ori it is almost twice as far away at 1,300 ly. It is set in a field of 
blue and white stars. 
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Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
NGC 1977 17’ 7.9 1,600 12 42 Ori 12 +7.0 
Trapezium my +4.59 
NGC 1980 16’ 8.3 1,800 4.7 v Ori 16 +2.5 
my +2.77 
NGC 1981 25° 9.5 1,300 32 HD 37016 20 +4.2 
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Constellation: Pavo Hemisphere: Southern 
Translation: The Peacock Area: 378 deg” 
Genitive: Pavonis % of sky: 0.916% 
Abbreviation: Pav Size ranking: 44th 


One of the dozen new constellations created by Petrus Plancius in the 16th 
Century. 


By far the brightest star in this otherwise faint constellation, « Pavonis has an 
apparent magnitude of m, +1.91 though it is suspected of fading to +1.96. Its 
absolute magnitude would be M,, -2.3. Lying 183 ly from Earth it is about 4.5 Do 
across with a mass of around 5.5 Mo. It is also an astrometric binary, its invisible 
companion in an 11.8 day orbit. The stars are members of the Pleiades Group. 
D.H. Sadler in his book, A Personal History of H.M. Nautical Almanac Office, states 
that the name of the star, Peacock, was introduced by HMNAO in the late 1930s. 
The Nautical Almanac Office was preparing The Air Almanac, a book containing 
details of 57 bright stars that pilots could use for navigational purposes. Only two 
of the stars did not already have names - « Pavonis and ¢ Car - so they called 
them Peacock (the English translation of Pavo) and Avior (from the French avis 
for bird). 

B Pavonis is an A7 dwarf lying 138 ly from Earth. So is m Pavonis. f Pav is a 
bit larger at 2.5 Do - m Pav comes in at 1.4 Do - and brighter at m, +3.41 
compared to +4.34. But while B Pav is heading away from us at 9.8 km/s x Pav is 
on its way towards us at 15.6 km/s. B Pav’s space velocity is 11 km/s while m Pav is 
nearly three times larger at 29 km/s. Putting all these facts together suggests that 
the two stars, despite certain similarities, are unrelated. 

The F9 dwarf star y Pavonis is just 30.1 ly from us, making it the second 
closest star in the constellation. Only slightly larger than the Sun at 1.06 Do it 
weighs in at 0.8 Mo and is 1.5 Lo. It is believed to be about twice as old as the 
Sun at around 9,100 million years. Its apparent magnitude of m, +4.23 is almost 
the same as its absolute magnitude, M, +4.5, due to its proximity to the 10 pc 
limit used in the standard calculation. 

The closest star at 19.9 ly is 6 Pavonis. Some researchers believe that it is the 
star that is most likely to have an Earth-type planet in the so-called ‘habitable 
zone’. A G8 with a diameter of 1.06 Do, a mass of 1.1 Mo and luminosity of 1.18 
Lo it is thought to be at least as old as the Sun, 4,560 million years, and possibly 
as old as 11,000 million years. Its chromosphere appears to be quiet, so there is 
less risk of huge levels of radiation inhibiting the formation of life, and it rotates 
at 3.2 km/s, not much faster than the Sun’s 2 km/s. Measurements of its radial 
velocity indicate that it is closing in on us at 21.7 km/s but, more importantly, its 
velocity varies by less than 3 m/s. This suggests that there are no giant planets 
close to the star gravitationally tugging at it. Nor is it a binary. The absence of 
giant planets and a stellar companion means that planet formation is unlikely to 
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5 Pav (G8) 


K Pavonis Estimates 


Rp 16.8 days 


y Pav (F9) 
1.06 Do 


0.8 Mo 
30.1 ly y 


p Pav (F5) 


K Pav (F5) 
1.2Do 


19-48 Do 
5.5 Mo 
544 ly 
Ry 38 km/s 
Rp 25 - 64 days 


T™ Pav (A7) 
1.4 Do 
2.6 Mo 
138 ly 


o Pav (B2) 
4.5 Do 
5.5 Mo 
183 ly 


2. Pav (B2) 
4.9 Do 
7.5 Mo 

1,100 ly 
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B Pav (A7) 
2.5 Do 
3.3Mo 
138 ly 


@ Pav (K2) 
10 Do 
4.4Mo 
516 ly 
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be adversely disrupted. As yet, however, there is no evidence of Earth-size planets 
in either the habitable zone or elsewhere. 

Various attempts have been made to estimate the size of k Pavonis but 
without much success coming in at 19, 26, 37 and 48 Do. With a rotational 
velocity of 38 km/s it could therefore revolve once every 25.3 days if 19 Do across 
or every 63.9 days if 48 Do across. An F5 some 544 ly away, give or take 10%, it is 
a Cepheid variable with its magnitude cycling between m, +3.91 and +4.78 with 
a period of 9° 2" 6.7™. Two other naked eye variables reside in Pavo. 4 Pavonis is 
a 4.9 Do B2 emission star with a circumstellar shell. A distant member of the 
Pleiades Group at 1,100 ly it belongs to the y Cas type of eruptive variables, its 
normal brightness of m, +4.26 increasing to +4.00 at irregular intervals. The third 
variable, p Pavonis, represents a third different variable class, this time a 6 Scuti. 
An F5 of 1.2 Dg it lies 195 ly from Earth and, with a period of 2" 44.3™, changes 
from m, +4.850 to +4.795 and back. 

Hurtling away from us at 180 km/s is m Pavonis. It has the third highest 
velocity of all the naked eye stars beaten only by HD 41312 in Lepus, which is 
also heading away at 182.2 km/s, and t' Lupi, which is coming towards us at 215 
km/s. Pav is a K2 giant of 10 Do and is currently 516 ly away. 

HD 181433 has a system of at least three planets, one of which is a super- 
Earth of 7.56 Mg (0.0238 M;). A number of other stars also have planets (see 
table). 

NGC 6752 is a compact globular cluster about 13,000 ly from us and 17,000 ly 
from the galactic center. It contains more than 100,000 stars and appears as a my 
+5.4 cloud to the naked eye. A small telescope will resolve some of the individual 
stars. 


Planetary systems in Pavo 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 


HD 181433 ? K3 85.3 +8.38 HD 7.56Me 0.048 0.112 9.37 d 


181433 b 

HD 0.64M, 1.27 2.25 2.52y 
181433 ¢ 

HD 0.54M, 1.56 4.44 5.95 y 
181433 d 


Globular cluster in Pavo 


Name Size Size Distance Apparent 
arc min ly ly magnitude m, 


NGC 6752 20.4’ 77 13,000 +5.4 
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Constellation: Pegasus Hemisphere: Northern 
Translation: The Winged Horse Area: 1,121 deg” 
Genitive: Pegasi % of sky: 2.717% 
Abbreviation: Peg Size ranking: 7th 


In classical mythology the great white winged horse was the son of Neptune, 
born from the blood of Medusa the Gorgon when beheaded by Perseus. The 
constellation represents the upper body of the horse and contains the Great 
Square of Pegasus, a relatively barren region of the sky. 


The third brightest star in the constellation at m, +2.45, « Pegasi or Markab is 
outshone by 6 and, oddly, «. It is a typical bluish-white dwarf: 2 Do with a mass 
of 3.1 Mo and luminosity of 156 Lo (or about 200 Lo if you take into account its 
UV radiation). A B9 with a temperature in the order of 10,500 K it spins at 140 
km/s - a bit on the high side for B9s which average 115 km/s - and completes a 
full rotation in 16" 48™. The star marks the bottom right hand (south-west) 
corner of the Great Square and lies at a distance of 140 ly. 

Almost directly above « at the north-west corner of the Square is B Pegasi or 
Scheat. A distinctly red star it is not surprising to discover that it is a red giant of 
55 Do and spectral class M2.5. Almost 200 ly away its luminosity is a deceptive 
308 Lo visible rising to over 1,000 Lo in the infra-red. Again, not surprisingly, it 
is an irregular pulsating variable: m, +2.31 at its brightest falling off to my +2.74. 

Diagonally opposite B, at the south-east corner, is y Pegasi or Algerib, another 
variable but this time of the B Cepheid variety. Over a period of 3" 28.5™ the star 
goes from my, +2.78 to m, +2.89 and back. Situated 333 ly away y Peg is a hot 
21,500 K B2 with a luminosity of 647 Lo but rising to a couple of thousand if we 
were to include UV. Two factors remain a mystery. Its diameter, which has been 
variously quoted as being 1.8, 4.5 and 6.3 Do, and its rotational velocity which 
appears to be just 3 km/s making it the slowest rotating B2 known (the average is 
142 km/s). However, this may just be down to observational error. If we are 
observing y Peg pole-on then it will appear to rotate much more slowly than it 
actually does. The star appears to be an astrometric binary with an orbital period 
of 6.83 days. 

The north-east corner of the Great Square of Pegasus is marked by « 
Andromedae, making it one of the few constellations that share a star (the 
others are B Tauri with Auriga and p and € Serpentis with Ophiuchus). It used to 
be known as 6 Pegasi but the name is no longer used. 

¢ Pegasi or Enif may have a common origin with « and B Aquarii. A K2 
supergiant of 193 D. - about the size of the Earth’s orbit - it has a mass of 10 Mo 
and luminosity of 6,700 Do. Classed as an Lc pulsating variable its magnitude 
normally stays within the range of my +2.38 to m, +3.50 but on 26/27 September 
1972 it suddenly brightened to m, +0.7 and stayed there for about 10 minutes. It 
is 672 ly away but at 10 pc would brighten to M, -4.4. 
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C Pegasi is another B-class (B8) with a temperature of 11,200 K. Some 209 ly 
from Earth it has a diameter of 1.4 Do and mass of 3.4 Mo. Its 229 Lo yields a my, 
+3.39 star that has microfluctuations of just 0.00049 of a magnitude. It has two 
companions: C© Pegasi is an 11th magnitude star in an 11,000 AU orbit that 
takes 636,000 years to complete. The 12th magnitude ¢® Pegasi is just a line-of- 
sight coincidence. 

The jury is still out on whether n Pegasi is a double or double-double system. 
The primary star is a G2 of 18 Do and mass of 3.2 Mo. Its spectroscopic 
companion is likely to be an AS in an 818 day, 3 AU orbit. At 90.4” separation (PA 
339°) is a second binary pair that carries the designation BD+29° 4740 from the 
Bonner Durchmusterung stellar catalog. Probably a pair of mid-G class stars they 
orbit one another at an average distance of 13 AU with a period of 34 years. They 
in turn may orbit the primary pair at a distance of 6,000 AU taking about 170,000 
years to complete a single orbit. 

i Pegasi is a spectroscopic binary and the closest star in the constellation to us 
at 38.4 ly. Twinkling at m, +3.77 its absolute magnitude is not much different at 
M, +3.1 due to the star being close to the 10 pc standard distance. An F5 with a 
diameter of 1.45 Do and mass of 1.29 Mo it has a luminosity output of 3.48 Lo. 
Its G8 companion is smaller all round: 0.9 Do, 0.81 Mo and 0.9 Lo. They are ina 
near circular orbit of 0.051 AU (7.6 million km) with a period of 10.2 days. 
Estimates of the age of the system range from 80 million years to more than 
2,500 million years. 

In the late 1800s x Pegasi was the most rapid binary system then known with 
an orbital period of 11.53 years. The primary is a m, +4.8 F5, though combined 
with the light from its partner it actually looks like a m, +4.14 star. Some 115 ly 
away it is 2.3 Do across, has a mass of 1.55 Mo and a luminosity of 22.3 Lo. It 
rotates at 42.3 km/s, slightly above the average for F5 stars of 35 km/s, and so 
takes 2.8 days to turn once on its axis. Its binary nature was discovered in 1880 
by S.W. Burnham. The secondary component is, in many ways, similar to the 
primary: an F6 of 2.7 Do, 1.66 Mo and 8 Lo resulting in a my +5.2 star. The orbit 
swings between 5.25 AU and 9.75 AU (similar to the distances of Jupiter and 
Saturn from the Sun). There is a third spectroscopic component, a KO of 0.82 Mo 
in a 5.9715 day long orbit around the secondary star. The whole system is 
believed to be about 2,500 million years old. 

Pegasus contains three G8 stars all within a stone’s throw of one another. A 
Pegasi is a 24 Do, 3.8 Mo giant some 395 ly away. With a luminosity of 312 Lo 
it has a visual magnitude of my, +3.95 and an absolute magnitude of My -0.9. 
Rotating four times faster than the Sun at 8 km/s it takes nearly 152 days to turn 
once on it axis. About a degree to the north east is the m, +3.51 p Pegasi. 
Somewhat smaller at 9 Do and less massive at 2.3 Mo it is only 14% as luminous, 
45 Lo, and would attain just M, +0.2 at 10 pc. Spinning at about the same speed 
as the Sun, 1.9 km/s, it takes almost 240 days to rotate once. The third G8 star is 
just to the east of the line that joins « and B Pegasi. Cataloged by Flamsteed as 56 
Pegasi is the third and faintest of the trio at my +4.76 but also the brightest at 10 
pe: My -2.1. Some 55 Do and 274 Lo it resides 537 ly away and spins at 17 km/s, 
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Pegasus’ Giant and Supergiant Stars 


« (M2.5) 


55 Do 
5.1Mo 
199 ly 


56 Peg (G8) 
55 Do 
5Mo 


537 ly 
Ry 17 km/s 
Rp 163.8 days 


9 Peg (G5) 
140 Do 
7.5Mo 
901 ly 

Ry 5.6 km/s 
Rp 3.5 years 


A Peg (G8) 
24 Do 
3.8Mo5 

395ly 
Ry 8kmi/s 
Rp 151.8days 


1 Peg (G2) 


18 Do 
3.2Mo 
215ly 


Lt Peg (G8) 
9Do 
3.2Mo 
117 ly 


€ Peg (K2) - a superflare star? 
150 Do 
10 Mo 
672 ly 
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Pegasus 


1 Peg B (G8) 


aN 
f \ 0.9 Do 
0.81 Mo 
38.4 ly 
10 Peg (A1) > ; > 
1.5 Do . 


3.6 Mo 
305 ly 


P Peg (A1) 
1.7 Do 
3.3M5 
282ly 


1 Peg A (F5) 
1.45 Do 
\ 6 Peg (A1) : 1.29 Mo 
. : 38.4 ly 


@ Peg (B9) K Peg A (F5) 
2.3 Do 
1.55 Mo 
115 ly 
Ry 140 km/s Ry 42.3 km/s 
Rp 16.8 hours Rp 2.8days 


K Peg B (F6) 

2.7 Do 

1.66 Mp 
115 ly 


51 Peg (G2) 
1.27 Do 
1.11M,5 
47.9 ly 

Ry 5 km/s 

Rp 12.9 days 


y Peg (B2) 
6.3 Do € Peg (B8) 
6.4M, 1.4 Do 
333 ly 3.4 Mo 
Ry 3 km/s 209 ly 
Rp 106.3 days 


Pegasus 347 


its rotational period coming in at 164 days. ) and 56 are heading our way at 3.9 
and 26.8 km/s respectively while p is receding at 13.9 km/s. None of the stars is 
related. 

o Pegasi is almost the second smallest star in the constellation at 1.5 Do 
though estimates range from 1.1 to 2.5 Do. About 305 ly away, give or take 18 ly, 
it isan Al of around 86 Lo and shines at m, +4.79. Of the six other stars that are 
less than two solar diameters across, three are Als. p Pegasi is a m, +4.90 (M, 
+1.2) lying at a distance of 282 + 21 ly and is 1.7 Do. Of the same size is 14 
Pegasi with an overlapping distance of 303 + 15 ly. It appears as a my +5.07 star 
(M, +0.6) and has an astrometric companion in a 5.3047 day orbit. 0 Pegasi, on 
the other hand, is an A2 just 96 + 2 ly away. With an output of 28 Lo it shines at 
m, +3.51 (M, +1.4). It is also a newly suspected variable, believed to fade to m, 
+3.56, and carries the catalog number NSV 14057. At the other end of the size 
scale is, of course, the 150 Do « Pegasi mentioned earlier and the 140 Do 
supergiant 9 Pegasi. A little over 900 ly from Earth 9 Peg is a my, +4.33 GS. 
Erratically variable to my, +4.2 this monster of a yellow star rotates at just 5.6 km/s 
taking 1,265 days - 3.5 years - to turn just once on its axis. 

Pegasus is home to one of the oldest and probably the densest of all globular 
clusters. Messier 15 (M15 or NGC 7078) is 33,600 ly from us and appears as a my 
+6.2 gray smudge against the sky. At 10 pc however it would be an impressive M, 
-9.3. Containing in excess of 30,000 stars it has no fewer than 9 pulsars, 112 
variable stars and one planetary nebula. It has considerable structure. The central 
core is just 1.4 ly across and is dominated by larger F3 and F4 stars. This process of 
mass segregation is known as core collapse and, in the case of M15, has resulted in 
a strong X-ray source in the very center of the cluster. Half the mass of the cluster 
is contained within 10 ly of the center although the cluster is at least 176 ly 
across. Theoretically the cluster could extend to a diameter of 210 ly beyond 
which the gravitational tides of the Galaxy would systematically strip the cluster 
of its member stars. Now 12,000 million years old M15 is closing in on us at 107 
km/s. 

Pegasus contains several stars that have planetary systems. One of the most 
notable is WASP-10, a KS dwarf which has a three Jovian mass planet in an orbit 
that is only 10% the size of Mercury’s orbit. The planet orbits the star in just 3.1 
days corresponding to an orbital velocity of 123 km/s or 442,241 km/h - about 
four times the Earth’s orbital velocity. The planet in orbit around the variable star 
V342 Peg (HD 209458 b) was the first to have its atmosphere analyzed. 
Discovered on 5 November 1999 this ‘hot Jupiter’ orbits the star in a slightly 
eccentric path that causes its distance to vary between 6.6 and 7.5 million 
kilometers. As a result its atmosphere is heated to around 1,400 K and is 
evaporating at a significant rate. Eventually the atmosphere will disappear 
completely, possibly leaving behind a rocky terrestrial ‘chthonian’ planet. As the 
planet transits the star, spectroscopic studies have revealed an atmosphere rich in 
hydrogen, oxygen and carbon and possibly water vapor. The first gas to be 
discovered was sodium, but not as much as expected leading to speculation that 
clouds high in the planet’s atmosphere could be blocking out some of the 
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sodium spectral signature. The planet has earned the unofficial name of Osiris. 
51 Pegasi was the first naked-eye star to show signs of a planet back in 1995 - 
the sixth extrasolar planet to be discovered. 


Planetary systems in Pegasus 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


51 Peg 1.27. G2 47.9 45.49 51Pegb 0.468 M, 0.052 0.052 4.23 d 


V342 Peg ? AS 129 +5.96 HR8799b 7M, 41.5 94.5 465.4y 
HR8799c 10M, 23.2 52.8 188.9 y 
HR8799d 10M, 146 33.4 99.9y 


WASP-10 0.78 K5 293.5 +12.7 WASP-10 b 3.06 M, 0.035 0.039 3.1d 


Globular cluster in Pegasus 


Name Size Size Distance Apparent 
arc min ly ly magnitude my 


M15 (NGC 7078) 18 176 33,600 +6.2 


Perseus 


Constellation: Perseus Hemisphere: Northern 
Translation: Perseus Area: 615 deg” 
Genitive: Persei % of sky: 1.491% 
Abbreviation: Per Size ranking: 24th 


Perseus, the son of Zeus and Danaé, beheaded Medusa the Gorgon and rescued 
Andromeda. 


a Persei or Mirphak is the unequivocal luminary of the constellation. At m, +1.79 
it outshines its nearest rival, B Persei, by a third of a magnitude and would attain 
M, -4.6 at 10 pc: B would just about manage M,, -0.2. It is an F5 supergiant of 55 
Do with a mass of 6.65 Mo. F5 supergiants are a positive rarity among naked eye 
stars. 35 Cygni is thought to be about 51 Do and the only other supergiant, « 
Pavonis, may or may not be as large as 48 Do - no one is really sure - but « Per is 
the largest of this very small bunch with one estimate suggesting it may even be 63 
Do across. It outputs 5,000 Lo and may be variable between m, +1.72 and +1.86, 
gaining the catalog number NSV 1125 as a newly suspected variable. Spinning at 
18 km/s it takes 154.7 days to turn once on its axis. With a temperature of 6,180 K 
the general consensus is that the star is about 52 million years old. 

Looking at « Per without any optical aid will reveal it to be surrounded by about 
half a dozen stars; the keen sighted will be able to spot a few more. A binocular or 
small telescope will reveal dozens. « Per is actually a member of Melotte 20, an 
open cluster of 139 stars. The cluster is centered at a distance of about 582 ly - « Per 
itself lies close to the middle at 592 ly - and is composed of B3 to G3 class stars. The 
central core of the cluster stretches from about 556 to 610 ly and contains half the 
entire mass, some 96 mainly B, A and F class stars. Most of the rest of the mass 
extends from 500 to 680 ly (30 stars) and then there is a gap of about 60 ly in which 
very few stars exist before coming to a halo of just 13 dwarf stars between 400-460 
ly and 710-770 ly. Stars brighter than my, +7.4 are predominantly B-class, « Per 
being the exception. Those between m, +7.4 and my, +9.0 are mainly A-class while 
F-class stars dominate between m, +9.0 and m, +10.8 leaving the fainter members 
belonging to the G-spectral class. Melotte 20’s naked eye stars include \ Persei, 29, 
31 and 34 Persei, the two variables V396 and V575 and HD 21278. The entire 
cluster is heading in the direction of B Tauri at 16 km/s. Robert Burham pointed out 
that it will take 90,000 years for the cluster to move just 1° on the celestial sphere. 

No one knows how long B Persei has been regarded as an unlucky star. It 
probably dates back to the time when the myth of Perseus was created. It represents 
the head of Medusa the Gorgon and is also known as Gorgonea Prima. In ancient 
Arabia it earned the name al Ghul, from which we get ghoul in modern day English 
and, by corruption, the common name of the star: Algol the Demon Star 
(sometimes called the ‘Winking Demon’). And demon-like it must have appeared 
to ancient civilizations, fluctuating between m, +2.12 and my, +3.39 with a 
clockwork regularity of 27 20" 48™ 55%, its minima lasting 10 hours. Algol is the 
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prototype for the EA eclipsing Algol-type binaries of which many are now known. 
As the name suggests the dip in magnitude is caused by a fainter star passing in 
front of a brighter star. Periodicity can last from about 2 hours to more than 10,000 
days (27.4 years) with amplitudes of between 0.1 to 3 magnitudes. All EA variables 
are A, B or F spectral class. Algol itself is a 2.8 Do B8 with a mass of 3.6 Mo anda 
luminosity of 94 Lo which would yield an My -0.2 at 10 pc. Although it rotates at 
50 km/s, 25 times faster than the Sun, its rotational velocity is just one-third of the 
average for B8 stars. This can be attributed to its eclipsing companion causing a 
drag or rotational braking on Algol. The secondary is physically a larger star at 3.5 
Do but is much less massive, only 0.81 Mo, and considerably less luminous at 4.5 
Lo. Separated by just 0.05 AU (7.5 million km) there is mass transfer from the 
secondary to the primary which may also be responsible for the X-rays which the 
system emits. The nature of the secondary is not particularly well understood; it 
could be anything from a GS to a K2. The secondary passing in front of the primary 
causes the noticeable reduction in magnitude. However, when Algol eclipses its 
companion the dip in brightness is so small it can only be detected photoelec- 
trically. There is also a third component in orbit around the two main stars at an 
average distance of 3 AU. Possibly an A-class, perhaps an F, its mass is calculated to 
be 1.8 Mo. Its orbital period is 681 days (1.87 years). The entire system lies 92.8 ly 
from Earth and is thought to be less than 300 million years old. 

y Persei is another EA eclipsing binary, but not as dramatic or as frequent as 
Algol. Around 6.6 Do y Per is a G8 with a mass of 2.5 Mo. For most of the time it 
shines at a steady m, +2.92 but every 5,346 days - 14.64 years - it fades to my 
+3.1. Its spectroscopic companion is a 1.9 Mg dwarf, an A2, in an orbit that varies 
between 2 and 18 AU. Around 1,900 million years old, 40% the age of the Sun, 
the pair are 256 ly away. 

5 Persei is a slightly variable B5 some 528 ly from Earth. Belonging to the y 
Cas class of eruptive variables it changes from m, +2.99 to +3.04 with no 
regularity and would brighten to My -2.2 at 10 parsecs. Estimates of its diameter 
range from 2.9 to 10 De with 5 Do being about average. Like many B-class stars it 
is a fast spinner at 190 km/s, about 40 km/s above average for its type. Needless to 
say, it is probably more of an oblate spheroid than a circular ball, centrifugal 
forces causing its equator to bulge and darken while its poles are sucked in by 
gravity: this is known as the Von Zeipel Effect. With a mass of around 6 Mo and 
luminosity of about 1,400 Lo the star is estimated to be just 50 million years old. 

Definitely a binary, but possibly a triple star system, ¢ Persei is 538 ly from 
Earth. A pulsating variable of the B Cephei or B CMa variety its magnitude 
fluctuates between my +2.88 to +3.00. Another rapid spinning BO.5 its rotational 
velocity has been estimated to be 155 km/s give or take 3 km/s. Its diameter is less 
certain: published estimates include 3.4, 6.1, 7.0 and 7.7 Do. At 13.5 Mo it is 
considerably more massive than its A2 companion which has a mass of 2.29 Mo 
but which spins at almost twice its rotational velocity: 300 km/s (more than three 
times the average for its class). Separated by around 1,600 AU the pair take more 
than 11,200 years to circle one another. The third component, if it really exists, is a 
much smaller 0.94 Mo star in a 0.3 AU orbit which it takes 14.08 days to complete. 
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< 0.05 AU (7.5 million km) > 


B Per A (B8) B Per B(G2 - K2) 
2.8 Do 3.5 Do 
94L, 45Lo 
3.6Mo 0.81M, 

92.8 ly 92.8 ly 
Ry 50kmi/s 
Rp 2.8 days 


Algol's Light Curve 


29 20" 48™ 555 


A passing in B passing in 


B passing in 
front of A 


front of A front of B 


The large dip in magnitude is caused by the larger but less luminous B star passing in 
from of the smaller but more luminous A star. This occurs every 2 days 20 hours and 
48 minutes with the reduction in magnitude lasting 10 hours. 


When the A star passes in front of the B star the fall off in magnitude is so small it can 
only be detected by using photoelectric devices. 


A third star, C, orbits 3 AU from A & B taking 1.87 years to complete a single orbit. 
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C Persei is a quadruple star system some 982 ly from Earth. The primary is a my 
+2.85 B1 of 55 Do and with a mass of 19 Mo. About 9 million years old it is a 
spectroscopic binary but virtually nothing is known of its companion. Four visual 
stars have received the designations B to E but only B and E are truly associated. ¢® 
Persei is a my +9.16 B8. It has an average distance of at least 3,900 AU (13.3” at PA 
208°) and takes in excess of 50,000 years to orbit the primary. Almost ten times 
farther away at 36,000 AU (120" at PA 286°) is C® Persei, an A2 in a highly unstable 
1.5 million year long orbit. At 10 pc ¢ Per would become an impressive M, -5.7 star. 

Some stars are just plain awkward. n Persei is one. Originally classed as an M3 
it is now generally regarded as a K3. Its diameter has been estimated as being 
somewhere between 44 and 221 Do and its rotational velocity could be as low as 
6.8 km/s or as high as 155 km/s. Its mass is a more certain 9 toll Mo depending 
on how far along the evolutionary path the star really is. All things taken into 
consideration it is likely to be a slow spinning supergiant as big as the Earth’s 
orbit and taking 4.5 years to turn once on its axis. The star’s distance from us is 
1,331 ly, give or take 312 ly. 

Tearing through our neighborhood at 92 km/s 1 Persei is a very good solar 
analog. A GO with a diameter of 1.08 Do and mass of 1.1 Mo it is a little over 
twice as luminous as the Sun, 2.16 Lo, and is about eight times more metallic in 
composition. Its age has been estimated to be between 2,089 million and 4,571 
million years with one other estimate putting it at 8,100 million years. Currently 
34.4 ly away it rotates at 10 km/s. Although it has been searched for planets none 
has been found. However, this may simply be because our detection methods are 
not yet able to find smaller terrestrial size planets. 

pt Persei is another GO star also rotating at 10 km/s but there the similarity 
ends. A good 53 times larger than the Sun, its mass is around 6 Mo and its age is 
just 60 to 70 million years. Hanging in our skies as a my, +4.14 star its absolute 
magnitude of My, -4.5 would be on par with Venus. It has an unseen 
spectroscopic companion; a B9 in a 1.7 AU orbit that takes 283.3 days to 
complete. The system is 723 ly away. 

O-class stars are relatively rare. There are only a couple of dozen naked eye 
examples - 0.86% of all naked eye stars - and six of those hang out in Orion. 
They are incredibly hot, up to 60,000 K, and painfully luminous at up to 15 
million Lo, theoretically at least. Their radiation output can destroy nebulae and 
planetary atmospheres alike, sterilizing any orbiting planets and preventing the 
establishment of even the most simple forms of life. € Persei is one such star. An 
O7.5 with a diameter of 26 Do and temperature of around 40,000 K it rotates at 
216 km/s (the average for the class is 138 km/s). From a distance of between 
1,800 and 2,260 ly it appears as a 4th magnitude star, slightly variable between 
m, +4.00 and +4.06 but has an absolute magnitude of about M, -S. 

As we noted above Algol represents Medusa, the Queen of the Gorgons or the 
Gorgonea Prima. The legend of Perseus mentions a total of three Gorgons but the 
constellation of Perseus has four! The second Gorgon, Stheno the Mighty, is 
marked by nm Persei - Gorgonea Secunda. x Per is an A2 star lying 326 ly from 
Earth. Almost twice as large as the Sun at 1.8 Do it has a luminosity of 108 Lo 
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and appears as a modest my, +4.68 but with an absolute magnitude of M, +1.4. It 
rotates at 185 km/s, literally twice the average for its class. Of the 600 or so A2 
stars whose rotational velocity has been measured or at least estimated only 15% 
rotate faster than 184 km/s. 

p Persei is Gorgonea Tertia, the third Gorgon whose name was Euryale the 
Far-springer. Very different to both her sisters p Per is a bright, big red giant of 
157 De (0.7 AU) and with a visual luminosity of 362 Lo, though you would have 
to multiply that by a factor of ten to get the full luminosity, much of its output 
being radiated in the infra-red. It will come as no surprise to learn that this is a 
semi-regular pulsating variable, an SRb, noticeably sliding between m, +3.30 and 
+4.00 over a 50 day period. At 10 pc it would brighten to My -0.5. 

The mysterious fourth Gorgon, Gorgonea Quarta, is marked by @ Persei, a m, 
+4.61 K1 giant, 16 Do and 305 ly away. Spinning at 20 km/s it takes 40.5 days to 
rotate once on its axis. Although three of the Gorgons are of similar distance 
from Earth they are not related. 

t Persei is a binary consisting of a giant 14 Do G4 and a 2.2 Do A4 dwarf. The 
giant primary has a luminosity of 150 Lo and mass of 3.3 Mo. With a rotational 
velocity of 25 km/s it takes 28.3 days to turn once. Its much smaller companion 
rotates twice as fast and so turns once every 2.2 days. The two stars are in a 4.42 
year long orbit during which they reach a periastron of 1.13 AU and an apastron 
of 7.2 AU. The alignment of the two stars with the Earth means that they eclipse 
one another, the magnitude dipping from m, +3.94 to +4.07. 

Perseus is host to an X-ray pulsar called, appropriately enough, X Persei. 
Somewhat below naked eye visibility at m, +6.1 and with a variability than can 
take it down to 7th magnitude, X Per is an 09.5 of 13 Do and with a mass of 15 
Mo. Its distance is problematic - estimates range from 2,300 to 4,200 ly - as is its 
rotational velocity; 162, 199 and 360 km/s have all been quoted. Like all O-class 
stars it is highly luminous with an output of 24,000 Lo, and is probably less than 
10 million years old. Its companion is a ball of neutrons - a neutron star - just 20 
km across and with a mass of 0.0000002 M.. That may not seem like much but 
its density works out at about 100 metric tonnes per cubic centimeter! Just to put 
that into context, the Sun has a density of 1.4 grams per cubic centimeter, water 
is 1 g/cm? and gold 19.3 g/cm?. The two stars are in an almost circular orbit with 
their separation varying between 1.94 and 2.06 AU. The interaction between the 
two stars causes bursts of X-rays every 13™ 55° and these pulsations have been 
used to calculate an orbital period of 250 days. 

9 Persei is the brightest member of the Perseus OB1 association. This huge 
group of stars straddles an 8° x 6° section of the celestial sphere. In real terms the 
dimensions are about 100 x 750 ly and includes the famous Double Cluster (see 
below). 9 Per is an A2 bright supergiant and may be the largest naked eye star in 
the constellation at 167 D. perhaps only beaten by n Per. It is slightly variable 
between my +5.15 and +5.25 with a period in excess of 200 days and belongs to 
the « Cygni class of variables. At 10 pc it would be a brilliant M, -7.5, its 
luminosity coming in at about 120,000 Lo. A tentative estimate of its rotational 
velocity worked out at 33 km/s meaning that it takes more than 256 days to turn 
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once on its axis. 9 Per, which is also known as V474 Persei, lies at a distance of 
2,630 ly but with a fair amount of error. 

At first glance 53 Persei or V469 Persei would appear to be just another B 
Cephei variable, but a closer examination reveals it differs from most of the type. 
Fluctuatng between m, +4.81 and +4.86 with a period of 7" 17™ 46° 53 Per is a B4 
of 4.9 Do and with a mass of 5.8 Mo. Its pulses are non-radial, that is to say they 
travel in all directions across the surface of the star, rather like a wobbling jelly. 
While B Cepheids normally have periods of 0.1 to 0.5 days several have longer 
periods of up to 2 days: these belong to the 53 Persei sub-group and are often 
referred to as Slowly Pulsating B-class or SPB stars. In addition to the main pulses, 
there are often several other pulsation periods, usually quite minor and unstable. 

yx and h Persei are not stars at all but open clusters now cataloged as NGC 884 
and NGC 869. Together they form the famous Double Cluster. Separated by 
about 300 ly, NGC 884 is the more easterly cluster and the farthest at about 7,400 
ly. It is also the youngest at 3.2 million years. Slightly closer at 7,100 ly is NGC 
869. Believed to be 5.6 million years old the two clusters were first recorded by 
Hipparchus c. 130 BC. At m, +4.4 they are visible to the naked eye but modest 
optical equipment is required to reveal the individual stars. 

Lying midway between Algol and y Andromedae is Messier 34 (NGC 1039). 
Discovered by Giovanni Hodierna in 1654 it was rediscovered by Charles Messier 
more than a century later in 1764. Messier cataloged the open cluster to avoid 
mistaking it for a comet, which is what he was really interested in. M34 is well 
worth hunting down. Its 23 brightest stars are spread over and area of about 1° 
which, at an estimated distance of 1,630 ly, corresponds to 30 ly. There is a 
central cluster about 20’ in diameter containing about a third of the members 
which is easily resolved in quite a modest 10 x 50 binocular and for which a rich 
field telescope is ideal. The brightest stars belong mainly to B and A classes while 
fainter stars tend to be F and G. 


Open clusters in Perseus 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M34 63’ 30 1,630 180 HD 16771 23 +5.2 
my +7.32 
NGC 869 31’ 61 6,800 12 HD 14143 = 128 +4.3 
my +6.55 
NGC 884 49’ 110 7,600 11 HD 14433 = 188 +4.4 
my +6.38 
NGC 1528 40’ 29 2,500 370 HD 26603 78 +6.4 
my +8.75 
NGC 1545 2.6' 1.8 2,300 280 HD 27292 21 +6.2 
my +7.13 


*May not be a member of the cluster. 


Phoenix 


Constellation: Phoenix Hemisphere: Southern 
Translation: The Phoenix Area: 467 deg” 
Genitive: Phoenicis % of sky: 1.137% 
Abbreviation: Phe Size ranking: 37th 


Another of the constellations of Keyser and de Houtman to depict the legend of 
the bird that lived for centuries, died, burst into flames and was reborn. 


At m, +2.37 a Phoenicis is a full magnitude brighter than its nearest rival. A 15 
Do yellow-orange giant it has a mass of 2.5 Mo and luminosity of 51 Lo. It is not 
particularly far, just 77.4 ly, but is speeding away from the general direction of 
the Sun at 74.6 km/s. Its unseen and mysterious companion orbits the primary in 
10.5 years at an average distance of 7 AU. 

Rather more yellow is the G8 B Phoenicis, a 4.6 Do giant with a mass of 1.95 
Mo and a luminosity of 134 Lo. Almost 200 ly away it shines at m, +3.37 and has 
a surface temperature of around 5,100 K. 

With a diameter of 150 Do (1.4 AU) y Phoenicis is the largest star in the 
constellation though at just 1.75 Mo it is by no means the most massive. An Lb 
pulsating variable its magnitude fluctuates between m, +3.39 and +3.49 
though with no particular period. At 10 pc it would have an absolute 
magnitude of M, -4.4 and would only be distinguishable from Venus by its 
reddish-orange color belonging, as it does, to the MO spectral group, and the 
fact that it is a long way from the Ecliptic. Like B Phe it has a spectroscopic 
companion with an orbital period of 193.9 days. It is 234 ly from Earth. 

¢ Phoenicis is an Algol-type EA eclipsing binary consisting of two B-class 
stars. The primary is a 2.85 Do B7 with a mass of 3.93 Mo. Its companion is a 
smaller 1.85 Do B8 with a lower mass of 2.55 Mo. The orbital arrangement is 
such that the magnitude dips from my, +3.91 to +4.42 before recovering, then 
falls again but only slightly to +3.73 as the two stars take it in turns to eclipse one 
another. The period is 1° 16" 8.5™. A third star orbits the eclipsing binaries at an 
average distance of 600 AU and with an orbital period of 4,245 years. 

Apart from y and ¢ the Phoenix contains a few other variables. 1 Phoenicis 
changes from my +4.70 to +4.75 and back over a period of 12.5 days. About 3.9 
Do and with a mass of 2.43 Mo its peculiar spectrum, A2VpSrCrEu, reveals it to 
be an B* CVn rotating variable with high concentrations of strontium, chromium 
and europium. p Phoenicis is a 5 Scuti pulsating variable with a period of 2" 
28.5™ during which it drops by a tenth of a magnitude from my, +5.17 to +5.27 
before returning to its brighter state. An F2 with a temperature of around 6,900 K 
various estimates of its diameter have resulted in 1.6, 3.8, 4.07 and 4.4 Do. It is 
250 ly from Earth. The M4 giant y Phoenicis is, not surprisingly, a semi-regular 
variable with a period of about 30 days. At a distance of 321 ly it appears to 
change from my, +4.30 to +4.50 as its average 34 Do expands and contracts. 

The closest star to us in Phoenix is v Phoenicis at 49.1 ly. An F9 verging on 
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6,000 K it is slightly larger than the Sun at 1.29 Do but about the same mass. It 
takes just over 13 days to spin once on its axis, its rotational velocity coming in at 
5 km/s, 2% times the spin speed of the Sun. 

Possibly as small as 0.8 De but probably truly 2.2 Do 6 Phoenicis weighs in 
at 2.78 Mo. An A3 dwarf about 309 ly away, it rotates at 14 km/s and so takes 
between 2.9 and 8 days to complete a full rotation. Estimates put » Phe - it 
sounds like something out of a pantomime - at a temperature of 10,500 K, rather 
hotter than usual for its class. It has a spectroscopic B9 companion of 2.73 Do 
which is in a 41.49 day long orbit. 


Pictor 


Constellation: Pictor Hemisphere: Southern 
Translation: — The Painter’s Easel Area: 247 deg” 
Genitive: Pictoris % of sky: 0.599% 
Abbreviation: Pic Size ranking: 59th 


Another of Abbé de La Caille’s constellations it was originally called Le Chevalet 
et la Palette - the Easel and the Palette. Its name was changed to Equuleus 
Pictoris - the Painter of the Foal - and changed again to its current name by the 
TAU. 


a Pictoris shines as a m, +3.24 star from its home 98.9 ly away. An A8 about 
twice as big and as massive as the Sun, 1.9 Do, 2.07 Mo, its 37.7 Lg would result 
in a M, +2.1 luminary at 10 pc. Not that it will ever get that close, drifting away 
from us at 20.6 km/s. Estimated to be about 1,000 million years old, and with a 
surface temperature of 7,600 K, it’s a fast spinner at 230 km/s taking just 9.6 
hours to complete a single rotation. It is also an X-ray source hinting at an as yet 
undetected companion. 

B Pictoris is one of several stars in the constellation that harbors a planet. The 
star itself is about half a magnitude fainter than « Pic at my +3.85 and, at 62.9 ly, 
is the closest to us of all the stars in Pictor. Various estimates of its diameter 
average out at 1.6 Do with its mass coming in at 1.54 to 1.8 Mo and luminosity 
at 8.7 Lo. Belonging to spectral group A6 and with a surface temperature of 8,130 
K, infra-red studies several decades ago revealed that it was encircled by a 
relatively thick dusty disk stretching out to about 400 AU. More recently, in 
2008, a planet was discovered in a 6,000 day (16.4 years) orbit about 8 AU from 
the star. The planet is believed to have a mass of between 6 and 13 Jovian masses, 
the greater mass pushing it towards being a brown dwarf. This is a young system, 
somewhere between 8 and 20 million years old, with the star spinning on its axis 
at around 128 km/s. 

5 Pictoris is an eclipsing binary, EB, of the 8 Lyrae variety, the two 
components being distorted into ellipsoids. The magnitude changes between m, 
+4.65 and +4.90 with a period of 19 16" 8.5™. The primary star is a 7.4 Dg B3 with 
a mass of 16.2 Mo; its partner a 5.1 Do B1 with a mass of 8.6 Mo. Their orbit 
varies between 4.18 and 7.95 million km, the two stars exchanging matter and 
rotating at 180 km/s and 100 km/s respectively. The system is believed to be 
1,656 ly away. 

When galaxies collide the gravitational forces can scatter the component stars 
far and wide, and we have an example on our very doorstep. At 12.7 ly lies 
Kapteyn’s Star, a m, +8.87 M1 dwarf in a largely empty part of the 
constellation. Named posthumously after Jacobus Cornelius Kapteyn (1851- 
1922) who first noted its large proper motion, the star covers 1° of the celestial 
sphere in just 414 years making it the second swiftest star, beaten only by 
Barnard’s Star in Ophiuchus. In real terms Kapteyn’s Star is traveling through 
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space at 282 km/s. What makes it particularly interesting is that it is traveling ina 
retrograde orbit, that is to say in a direction opposite to the vast majority of stars. 
It has a mass of between 0.29 and 0.39 Mo, a diameter of 0.29 to 0.32 Do anda 
luminosity of just 0.0038 Lo. Its metallicity is only about 10% that of the Sun 
suggesting it formed early in the history of the Galaxy when supernovae were 
rare and had not seeded space with heavy metallic elements: perhaps about 
12,000 million years ago. It and 16 other stars that form the Kapteyn Star Group 
have very similar compositions to the stars of the m Centauri globular cluster - 
yet that is 17,000 ly away. So what is the connection? It is now believed that the 
@ Centauri globular cluster is the core of a dwarf galaxy that collided with ours at 
some point in the past. Many of the outer stars of the globular cluster were 
stripped away and, in the case of the Kapteyn Star Group, were flung into 
retrograde orbits around the Galaxy. Kapteyn’s Star is also known as VZ 
Pictoris. 

HD 41004 is a visually close binary system just 0.5” apart. The primary, a K1 
pre-Main Sequence star, is usually designated HD 41004 A while the secondary 
is HD 41004 B. In orbit around the primary is a 2.54 Mj, planet designated HD 
41004 Ab while an 18.4 M, brown dwarf orbits the secondary and is cataloged as 
HD 41004 Bb, which is all rather messy and easy to confuse for a quadruple star 
arrangement. The system is considered to be 1,600 million years old. Meanwhile 
AB Pictoris b at 13.5 Jovian masses is a borderline brown dwarf (see table). 


Planetary systems in Pictor 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 

B Pic ? A6 63 +3.86 6B Picb 8M, 8 8 16.4 y 

AB Pic ? K1 149 +9.16 ABPicb 13.5 M, 275 275 ? 


HD 41004A ? K1 139 =+8.65 HD 2.54M, 1.00 2.28 2.64y 
41004 Ab 


HD 41004 B ? M2 139 412.33 HD 18.4 M, 0.0163 0.0191 1.33d 
41004 Bb 


Pisces 


Constellation: Pisces Hemisphere: Equatorial 
Translation: The Fish Area: 889 deg” 
Genitive: Piscium % of sky: 2.155% 
Abbreviation: Psc Size ranking: 14th 


A Zodiacal constellation which the Sun enters on 12 March and leaves on 18 
April. It is associated with the Greek myth of Aphrodite and her son Eros (Venus 
and Cupid in Roman mythology) who dived into the River Euphrates in an 
attempt to escape the multi-headed monster Typhon. 


Something went badly wrong with the ordering of the stars in Pisces. Bayer 
usually gave the brightest star the designation «, the second £ and so on. 
Occasionally the stars are out of sequence usually because they are of similar 
magnitude. In the case of Pisces, however, the system is way out. The table below 
shows how Bayer designated the stars, how they should have been designated 
and by how many places up or down they have been displaced. 


Designation of stars in Pisces 


Bayer designation Should be... my Movement 
7 Piscium a Piscium +3.61 T 6 
y Piscium B Piscium +3.70 T1 
@ Piscium y Piscium +4.02 721 
a Piscium 6 Piscium +4.10 13 
t Piscium é Piscium +4.13 T4 
é Piscium ¢ Piscium +4.26 11 
o Piscium 1 Piscium +4.27 18 
8 Piscium 8 Piscium +4.28 20 
6 Piscium u Piscium +4.43 15 
v Piscium « Piscium +4.44 13 
B Piscium 2d Piscium +4.47 19 
X Piscium pt Piscium +4.49 1 
t Piscium v Piscium +4.52 T 6 
& Piscium & Piscium +4.61 20 
x Piscium o Piscium +4.66 T7 
& Piscium mt Piscium +4.68 T5 
v Piscium p Piscium +4.75 13 
p Piscium o Piscium +4.85 16 
« Piscium t Piscium +4.87 19 
¢ Piscium v Piscium +5.19 114 
W Piscium o Piscium +5.27 ~ 2 
p Piscium x Piscium +5.35 15 
o Piscium W Piscium +5.49 15 
mt Piscium @ Piscium +5.49 8 
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Only two stars, 6 and € Piscium are in the right order! m Piscium has climbed 
21 places up the table while ¢ Piscium has fallen 14 places. Of course, there is 
more to this than meets the eye. Several of the stars are variable and so could 
swap places by a few positions but even so it does not explain some of the larger 
discrepancies. Within today’s boundaries there are a further 20 stars that have 
magnitudes of between my, +4.31 and +5.44. 

And so to a Piscium, the 4th brightest star and a quadruple system. The 
primary is a my, +4.33 A2, the secondary a m, +5.23 A3 separated by 1.8” (PA 
271°). They are in a 933 year long orbit that swings between 50 and 190 AU. The 
primary is estimated to be 2.3 Do across with a mass of 2.43 Mo. Its temperature 
is 9,120 K and it spins at 81 km/s taking 1.4 days to rotate once. Its companion is 
smaller and less massive at 1.5 Do and 1.67 Mo. It is also cooler, 8,200 K, spins 
more slowly at 70 km/s and completes a full turn in just 1.1 days. The spectrum 
of the primary suggests quantities of silicon and strontium and there is some 
indication that its brightness varies by about 1/100th of a magnitude as the star 
rotates and the pools come in and out of view. Consequently it has been classed 
as an «” CVn variable. Both stars are spectroscopic binaries though virtually 
nothing is known about the unseen components. 

B Piscitum, the 11th brightest star in the Bayer list and at the opposite end of 
the constellation to «, is my +4.47 but is suspected of being variable by 4/100th of 
a magnitude. A B6 Be emission star surrounded by a disk of dust it has a 
rotational velocity of at least 121 km/s and may be much faster. Slightly less than 
two solar diameters across, 1.9 Do, it has a mass of 4.8 Mo and a luminosity of 
300 Lo so at 10 pc it would brighten to M, -1.4. Relatively young, just 60 million 
years old, it lies at a distance of 493 ly. 

To the east of B is a circle of five or six stars, depending on who draws the 
constellation, known as the Circlet. Starting at 3 o’clock is y Piscium, a 
yellowish-orange G9, possibly a KO, twinkling at m, +3.70 from a distance of 131 
ly but moving relative to the Sun at 145 km/s, signaling it is an interloper from 
another part of the Galaxy. Some 11 Do and with a mass of 1.82 Mo this 5,000 K 
giant has a luminosity of 43.2 Lo and, rotating at 4.2 km/s, takes 132.6 days to 
spin once on its axis. 

Heading counterclockwise the next star in the Circlet is the m, +4.28 
60 Piscium, a K1 giant though how big no one really knows. Estimates range 
from 11 to 16 Do. Its rotational velocity is less that that of the Sun - just 1.8 km/ 
s. If its diameter is the smaller estimate then it will take 30.9 days to complete a 
single revolution: the larger diameter comes in at more than a year - 450 days. It 
lies at a distance of 159 ly. 

The my, +4.13 1 Piscium at 45 ly is the closest of the Piscean stars. A pale 
yellow dwarf it has a diameter and mass of 1.5 Do and 1.38 Mo. Burning at 6,500 
K this F7 has a luminosity of 3.44 Lo and is thought to be very slightly variable 
by 3/100th magnitude. 

More than twice as far away at 100.7 ly is the A7 dwarf i Piscium. About a 
third larger than the Sun but with a mass of 1.88 Mo and luminosity of 12.4 Lo it 
is a modest m, +4.49. 
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Next in the Circlet of Pisces is k Pisciuum which varies between m, +4.87 and 
+4.95 with a period of 14" 2™ 46°, the star being classed as an «” CVn rotating 
variable. With a diameter of 1.9 Dg and a mass of 2.15 Mo the variability hints at 
a rotational velocity of 164 km/s. Its AOpCrSiSr peculiar spectrum reveals 
localized concentrations of chromium, silicon and strontium giving the star a 
blotchy appearance and causing its brightness to vary. About 370 million years 
old it has migrated from the Southern Hemisphere, the result of precession, 
crossing the Celestial Equator in 1771. 

Drawing a line from « to y Piscitum completes the circle - at least for some. 
Between y and 0 is 7 Piscitum which some include as part of the Circlet. Another 
K-class giant, this time a K2, it is 20 Do and rotates at half the speed of the Sun: 
just 1 km/s taking 1,012 days - 2.8 years - to rotate once. 

The ruddy colored 19 Piscium is likely to be the largest star in Pisces at 141 
Do, more than twice the size of its nearest rival, 30 Pisctum and 70% the size of 
the Earth’s orbit. A carbon rich red supergiant its luminosity is 436 Lo but take 
into account the fact that most of its energy is radiated in the invisible infra-red 
and you would need to increase the luminosity ten fold to get the total output. It 
is variable between m, +4.79 and +5.20 but without any particular period and is 
therefore classed as an Lb variable. It is sometimes given its variable star 
designation TX Piscium. Some 760 ly from Earth and with an absolute 
magnitude of My, -2.0 its spectral classification appears to have changed over the 
years from an NO to a C6, to its current C5. However, this is due to a better 
understanding of the chemical makeup of stars and an improved spectral class 
system rather than to changes in the star itself. 

30 Piscitum (or YY Pisciuum) is another Lb variable, 60 Do across and a red 
supergiant of M3 flavor. Its magnitude varies between my +4.31 and +4.41. Long 
believed to lie at a distance of 415 ly the latest estimates put it 50 ly farther away 
at 465 ly. 

33 Piscium belongs to the RS CVn variable class of which only a dozen naked 
eye cases are known. Its magnitude falls from my, +4.61 to +4.69 as it is eclipsed 
by a secondary component, invisible to the eye but detectable by spectroscope. 
The primary is a KO giant of 15 Do but just 1.17 Mo. The orbital period is 72.93 
days. 

At m, +12.36 it is far too faint to be seen in anything less than a 100 mm (4 
inch) telescope but Van Maanen’s star Keeps cropping up in the literature and 
is of historical importance. It was discovered in 1917 by Adriaan Van Maanen 
who was actually looking for Lalande 1299, a star with a high proper motion (see 
below). What Van Maanen found was a star with an even greater proper motion, 
suggesting it was closer to Earth than Lalande 1299. A few years after the 
discovery Willem Luyten published a catalog of high proper motion stars and 
referred to the newly discovered object as Van Maanen’s Star. Subsequent 
research revealed it to be a white dwarf. At that time only two other white dwarfs 
were known, 0” Eridani B and Sirius B (8 CMa), and both of these are part of 
multiple systems whereas Van Maanen’s star was the first lone white dwarf. At 
14.1 light years it is the third closest white dwarf after Sirius B (8.6 ly) and 
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Procyon B (B CMi, 11 ly). Although its mass is between 0.4 to 1.0 Mo its diameter 
is just 0.012 Do and its luminosity is less than 0.0002 Lo. Belonging to the 
spectral class DZ7 its temperature is estimated to be 6,750 K and its age around 
about 3,700 million to 5,000 million years. It crosses the sky at 2.98” per year, 
which equates to a degree every 1,208 years, and carries the more familiar catalog 
designations of Gliese 35 (or GJ 35) and HIP 3829. There is some evidence that 
Van Maanen’s star has a companion but this has been hotly disputed. 

The star Van Maanen was looking for, Lalande 1299 aka HD 4628, is a K2.5 
dwarf about 24.3 ly away. It has a diameter and mass of about 80% that of the 
Sun and is about 1,000 degrees cooler at 5,000 K. With a magnitude of my +5.75 
it is visible to the naked eye under dark skies. Its age is estimated to be between 
6,760 and 10,970 million years. 

Pisces hosts one of the best examples of a spiral galaxy, M74 (NGC 628). 
Although a difficult 10th magnitude object it is seen face on, looking directly 
down its rotational axis. 

Of the planetary systems in Pisces HD 10679 b is worth noting. Originally 
believed to be 6.38 Jovian masses it is now believed to be somewhere between 25 
and 51 M, putting it very firmly in the realm of the brown dwarfs. Its host star is 
109 Piscium, a 1.72 Do GS of m, +6.29. The planet orbits the star in 2.95 years 
varying between 1.94 and 2.38 AU. The system lies at a distance of 106 ly. 


Piscis Australis or Piscis Austrinus 


Constellation: Piscis Australis or Hemisphere: Southern 
Piscis Austrinus 

Translation: The Southern Fish Area: 245 deg” 

Genitive: Piscis Australis or % of sky: 0.549% 
Piscis Austrini 

Abbreviation: PsA Size ranking: 60th 


The Egyptian goddess Isis was said to have been saved by a fish and in Greek 
mythology Piscis Australis is the parent of the northern fish, Pisces. Illustrations 
of the myth usually depict Aquarius pouring water into its mouth (over it would 
have made more sense). Note that Piscis is the singular and Pisces is plural. 


At my +1.16 « Piscis Australis stands out in a region of relatively dim stars. 
Better known as Fomalhaut (pronounced foe-ma-low) this 1.6 Do A4 is just 25.1 
ly away and has a mass of 1.97 Mo. Its luminosity of 15.4 Lo is suspected of being 
slightly variable with the result that the star also carries the designation NSV 
14372. About 40% hotter than the Sun at 8,500 K, its rotational velocity is at 
least 81 km/s but, taking into account its orientation, it could be as high as 102 
km/s. A relatively young system, 100 to 300 million years old, studies by the 
Infra-red Astronomy Satellite IRAS in 1983 revealed it to be surrounded by a torus 
of dust 133 to 158 AU from the star. This later led to the discovery of a 3 M, 
planet in an 876.1 year long orbit that varies between 102.4 and 127.7 AU. The 
announcement in November 2008 made history as the first extrasolar planet to 
be viewed in visible light using the Hubble Space Telescope. Fomalhaut is 
thought to be a member of the Castor Moving Group. 

Of the 14 naked eye stars in Piscis Australis 8 are A-class (57%), 2 are B-class, 2 
are F and there is one G and one M. f Piscis Australis belongs to the AO group. 
Shining at my, +4.28 it is slightly brighter than the average naked eye A-class star 
(m, +4.63) but with an absolute magnitude of My, +0.6 slightly dimmer than the 
mean of M, +0.42. It is between 2.14 and 2.3 Do across (mean 2.62 Do) and is 
143 to 153 ly away. AO class stars rotate at up to 425 km/s - there is one whose 
rotational velocity is 570 km/s but this is likely to be erroneous. The average is 
110 km/s but B PsA spins at just 45 km/s, as do 31% of all AO stars. Although not 
an average AO star it’s not far off. 

Of the non-A-class stars x Piscis Australis is a m, +5.13 spectroscopic binary, 
although virtually nothing is known of its companion. The primary is a 1.45 Do 
F1 with a mass of 1.53 Mo and a temperature of around 7,300 K. The secondary, 
an F3, has an orbital period of 178.32 days, the two coming to within 0.4 AU 
before being separated by 1.3 AU. The system is 93.2 ly away. 

t Piscis Australis is the only other F-class star. An F6 it is the second closest 
star in the constellation at 61.1 ly. Between 1.2 and 1.4 Do across and with a 
mass of 1.16 Mo 7 Psa has a luminosity of 3 Do and a temperature of 6,300 K. 

All the naked eye stars in the constellation are less than 4 Do with the 
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exception of 6 and v PsA. 6 Piscis Australis is a 12 Do G8 yellowish-orange 
giant with a mass of 1.44 Mo. It lies at a distance of 170 ly. At more than twice 
the size and three times the distance, v Piscis Australis is an M1 reddish-orange 
giant glowing at a steady m, +4.99 from its home 528 ly away. 

HD 217987, better known as Lacaille 9352, is another M-class star, a slightly 
cooler M2 but this time at the opposite end of the scale - just 0.56 Do across. A 
pre-Main Sequence star only 11.68 ly from Earth and traveling parallel with the 
Sun it has the fourth highest proper motion taking a mere 520 years to cover 1° 
on the celestial sphere. The only other stars to beat it are Barnard’s Star in 
Ophiuchus, Kapteyn’s Star in Pictor and Groombridge 1830 in Ursa Major. It has 
an apparent magnitude of m, +7.34 which fades to an absolute magnitude of My, 
+9.59 at 10 pe. 


Puppis 


Constellation: Puppis Hemisphere: Southern 
Translation: The Stern Area: 673 deg” 
Genitive: Puppis % of sky: 1.631% 
Abbreviation: Pup Size ranking: 20th 


Originally part of the much larger constellation of Argo Navis, the ship of the 
Argonauts, Puppis represents the stern while Carina is the keel and Vela the sail. 
As a result Puppis is missing the stars B to ¢ which are located in the other two 
constellations. It is a particularly rich part of the sky. 


The brightest star in Puppis is the my +2.21 ¢ Puppis and it’s a bit of a rarity. 
Naked eye O-class stars are thin on the ground - well, in the sky - with only about 
two dozen of them being visible without optical aid. ¢ Pup is the rarest of the rare: 
one of only two O5 class visible in the entire sky, and there are considerable 
uncertainties about its physical properties. Estimates of its size range from 6.7 to 
26 Do with 17 Do being the most likely size. Its mass is probably 40 Mo, though it 
has been put as high as 60 Mo, and its distance was for many years considered to 
be 1,400 ly but has now been revised to 970 ly. Its visible luminosity is 22,000 Lo 
but, taking into account that most of its energy is radiated in the ultraviolet, its 
total luminosity is in the order of 350,000 Lo. With a surface temperature of 
42,400 K it releases a ferocious 2,300 km/s stellar wind that strips the star of vast 
amounts of mass, equivalent to more than 10 million times the mass lost from the 
Sun annually. It rotates at 211 km/s. If the star is 6.7 Do across then it turns once 
in just 1.6 days. If it is as big as the upper estimate of 26 Do then the rotational 
period is 6.2 days. The more commonly accepted 17 Do means that it rotates once 
on its axis every 4.1 days. It is slightly variable to m, +2.17 but there is some 
disagreement as to the type of variability. Some authorities list it as a BY Draconis, 
the variation in magnitude due to a large single or large groups of star spots. But 
BY Draconis variables tend to be dwarf stars. Others regard ¢ Pup as a B Cygni 
pulsating variable but again these tend to be B and A-class stars. Whatever the true 
nature of its variability ¢ Pup is no more than 47 million years old. Originally part 
of the Trumpler 10 cluster it was ejected about 2.5 million years ago, possibly on 
the shock wave of an exploding neighbor, and is now hurtling through space at 
103 km/s. At 10 pc it would a brilliant My -6.8. 

Just as there are no stars designated « to «, neither are there any stars n to p 
although there is an MU Puppis which is a Mira-type variable that swings 
between m, +14.5 and m, +17.0. 

The next bright star is v Puppis, a B8 some 423 ly away. Puppis has a glut of B- 
class stars - about 38% are so classed - and v Pup is one of several that are 
variable, or at least suspected of being so. Cataloged as a newly suspected variable 
NSV 3062 the star changes between m, +3.15 and +3.20 with no particular 
period, the nature of which is suspected of being intrinsic rather than due to, say, 
an orbiting companion. Its luminosity is 750 Lo in the visible rising to 1,340 Lo 
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in the ultraviolet. About 95 million years old it rotates at 246 km/s so has 
distorted into an oblate spheroid of, probably, 8.5 Do across the equator and 4.7 
Do pole to pole. It takes 1.7 days to rotate on its axis. 

€ Puppis is a triple star system 1,348 ly from Earth. Twinkling at a modest m, 
+3.32 it would shine as brightly as Venus if it were 10 pc away. Puppis contains 
few big stars but this is one of the larger ones with a diameter of 151 Suns or 
about as big as the orbit of Venus. Its mass is between 8 and 10 Do depending on 
where it is in the evolutionary cycle. It is a relatively slow rotator at just 9.1 km/s 
and so takes 840 days (2.3 years) to spin on its axis just once. Often listed as a G3 
it is now believed to be a G6 with a surface temperature of 4,700 K. It visible 
companion is in a 26,000 year long orbit with an average distance of 2,000 AU. A 
second closer companion can only be detected using a spectroscope and is 
thought to complete one full orbit in 1 year at an average distance of 2 AU. 

The my, +2.69 x Puppis is part of the Collinder 135 loose cluster (see below). A 
K3 supergiant of 290 Do it is 30% larger than the Earth’s orbit but has a mass of 
only 13 to 14 Mo. It lies at a distance of 1,094 ly. Its luminosity of 19,200 Lo 
would result in an absolute magnitude of M, -0.3. It is accompanied by a 2.5 Mo 
B9.5 dwarf which has an average orbital distance of 20,000 AU and period in 
excess of 700,000 years. 

Although there is no B Puppis there is a B101 Puppis, better known as 9 
Puppis. It is a binary system consisting of a GO and a G1 dwarf in an 8,467 day 
(23.18 years) elongated orbit that varies between 2.85 and 15.55 AU. The two 
stars are similar to our own Sun: 0.8 Do, 0.64 Mo and 1.0 Do, 0.81 Mo. 
Individually their magnitudes are m, +5.60 and my, +6.20 but combined they 
shine at my +5.20. They lie 54.4 ly from Earth. 

The jury is still out on whether Collinder 135 is a true cluster. There are 100 
stars brighter than 12th magnitude in the region of Collinder 135. If the physical 
distance of the cluster is between 700 and 1,400 ly - and that is by no means 
certain - then only 17 stars belong to the cluster. Extend the distance by 200 ly 
either way and a further 10 stars can be added. However, take into account the 
proper motions, ages and composition of the stars and the number could be 
down to just a handful. 

Of greater certainty is M46 (NGC 2437), a 14’ diameter open cluster 4,500 ly 
away. Although it appears as a m, +6.1 nebula to the naked eye, only one of its 
stars is brighter than 9th magnitude (HD 62000, m, +8.67, an AO at 5,824 ly) 
and only half a dozen are brighter than 10th magnitude. 

About 144° to the west of M46 is M47 (NGC 2422), a more noticeable and 
much closer open cluster at 1,600 ly distance and about 17 ly across. Of the 41 
stars in the region brighter than 11th magnitude, 19 are above m, +9.00. Among 
them is KQ Puppis, an M2 hypergiant of 880 Do or 8.2 AU, about 80% the size 
of Jupiter’s orbit. At 3,362 ly it is well beyond M47 and not surprisingly it is 
variable between my, +4.82 and +5.17. Despite its enormous size it has a relatively 
modest mass of between 17 and 41 Mo. Its luminosity is 15,400 Lo but taking 
into account that nearly all of its energy is radiated in the infra-red its total 
output could be as high as 1,200,000 Lo. 


Puppis 381 


Lying 9° south of M46 is the open cluster M93, smaller but brighter and about 
3,400 ly away. It contains 56 stars brighter than 12th magnitude though not all 
are cluster members. It is about 18’ across which equates, rather conveniently to 
18 ly. The brightest star in the area is HD 62679, a K2, but there is only a 44% 
chance that it actually belongs to the cluster. 

NGC 2477 is an open cluster with about four dozen stars brighter than 12th 
magnitude though its combined magnitude is m, +5.8. Some 4,000 ly away it is 
thought to be 700 million years old and contains more than 300 stars. 

Of the planet bearing stars in Puppis HD 69830 has two possible terrestrial-type 
planets with masses of 10.49 Me and 12.08 Mg. A planet has also been detected 
around a star in the open cluster NGC 2423 at a distance of 2,498 ly (see table). 


HD 69830 Planetary system in Puppis 


Star Do Spectral ly my Planet Minimum q Q_s~Period 

class mass days 

HD 69830 0.895 KO 41.1 +5.95 HD 0.033 M, 0.071 0.086 8.67 d 
69830 b 

HD 0.038 M, 0.162 0.210 31.6d 
69830 c 

HD 0.058 M, 0.586 0.674 197d 
69830 d 


Open clusters in Puppis 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M46 20' 27 4,500 245 HD 62000 = 150 +6.1 
(NGC 2437) my +8.68 
M47 80’ 37 1,600 75 KQ Pup 200 +4.4 
(NGC 2422) my +4.82 
M93 10’ 10 3,400 390 HD 62679 56 +6.2 
(NGC 2447) my +8.21 
NGC 2396 22' 12 1,900 330 HD 59067 37 +7.4 
my +5.79 
NGC 2439* 9’ 31 12,600 30 R Pup 21 +6.9 
my +6.61 
NGC 2451 167’ 48 1,000 45 HD 63032 = 211 +2.8 
my +3.61 
NGC 2477 24' 28 4,000 705 DM -38° 3756 45 +5.8 
my +9.65 
NGC 2527 16.5’ 9.5 2,000 450 HD 67097 46 +6.5 
my +9.65 
NGC 2571 12’ 15 4,400 30 HD 70078 30 +7.0 
my +8.83 


*May not be a true cluster. 
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Constellation: Pyxis Hemisphere: Southern 
Translation: The Mariner’s Compass Area: 211 deg” 
Genitive: Pyxidis % of sky: 0.536% 
Abbreviation: Pyx Size ranking: 65th 


Originally called Pyxis Nautica the constellation is the invention of La Caille and 
is related to Puppis, Carina and Vela, the components of the ship Argo Navis. 


Apart from HD 73752 none of the other stars in Pyxis is particularly close to the 
Sun and the farthest at 845 ly is, as it happens, also the brightest. a Pyxidis is a 
hot, 22,150 K, B1.5 giant of 8.4 Do with a mass of 11.4 Mo. Flickering between 
an almost unnoticeable my +3.68 and +3.70 it is probably a B Cepheid pulsating 
variable (or B Canis Majoris, if you prefer) though no one is exactly sure and the 
star is thus listed as a newly suspected variable with the catalog number NSV 
4220. Probably less than 18 million years old it is surrounded by a circumstellar 
shell and this, together with clouds of interstellar dust, reduce its brilliance by 
about half a magnitude. At 10 ly it would be M, -4.4, about as bright as Venus. 
Visually it appears to have a luminosity of 1,886 Lo but it radiates most of its 
energy in the UV. Take this into account and the output is closer to 16,300 Lo. It 
rotates at 20 km/s. 

Of the dozen stars visible to the naked eye, five are G-class. B Pyxidis is a 
12 Do G7 lying at a distance of 388 ly. It has an apparent magnitude of m, +3.96 
and an absolute magnitude of M, +0.3. Slightly smaller at 10 or 11 Do C Pyxidis 
is a G4 and almost a full magnitude fainter at my +4.88 but also with an absolute 
magnitude of My, +0.3. It is slightly more than two solar masses, 2.13 Mo, and is 
236 ly distant. 2 Pyxidis is also estimated to be 11 Dp with a mass of 1.69 Mo. A 
G7 it lies 182 ly away and is m, +4.72 and M, +0.3. The closest of the G-stars, in 
fact the closest star in the constellation, is HD 73752 at 65 ly. It is also the 
smallest of the class, 1.4 Do, its mass coming in at 1.09 Mo. Finally, HD 75605 is 
another 10 Do giant G5 at 229 ly. It has a mass of 1.98 Mo. 
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Constellation: Reticulum Hemisphere: Southern 
Translation: The Reticule Area: 114 deg? 
Genitive: Reticuli % of sky: 0.27% 
Abbreviation: Ret Size ranking: 82nd 


Another constellation introduced by La Caille it celebrates the reticule or ‘net’ 
used in the eyepiece of a telescope to record the position of a star. Less than a 
dozen of its stars are bright enough to be seen without optical aid. 


a Reticuli, the brightest star in the constellation at m, +3.33, is a double and 
possibly a triple system. Variously described as being a GS, G6, G7 and G8 it isa 
13.8 Do giant with a mass of 2.85 Mo and luminosity of 94.5 Lo. Estimated to be 
163 ly away its rotational velocity is 36 km/s which equates to one revolution on 
its axis every 19.4 days. It has a my +12.0 red dwarf companion, an MO cataloged 
in the Cape Photographic Durchmusterung as CPD-62 332B, which is separated by 
49.5”. At 163 ly the separation translates into a real space distance of 2,500 AU. 
The orbital period is likely to be around 60,000 years. There is some indication 
that B Ret is also a spectroscopic binary but there is, as yet, no absolute proof. 

Reticulum contains two red giants that are visible without optical aid. y 
Reticuli is the closest at 493 ly and the largest at 45 Do. It is a semi-regular SR 
pulsating variable with a main period of 25 days during which its magnitude 
changes between my, +4.42 and +4.64. It is 283 times more luminous than the 
Sun and belongs to spectral class M4 . The second red giant happens to be the 
next star that Bayer cataloged, 5 Reticuli. At 35 Do it is the smaller of the two by 
10 solar diameters and farther away at 530 ly. An M2 its luminosity is 318 Lo and 
is suspected of being slightly variable between m, +4.63 and +4.67. 

¢ Reticuli is a binary system 59.5 ly away consisting of a K2 sub-giant, a white 
dwarf and at least one planet. The primary is m, +4.44 and is estimated to be 3.9 
Do across with a mass of 0.98 Mo. It rotates relatively slowly at 2.9 km/s taking 
just over 68 days to turn once on its axis. In orbit at an average distance of 240 
AU - 8 times the distance of Neptune from the Sun - is the white dwarf WD 
0415-594. The sole detected planet is a 1.28 My gaseous giant just over an 
astronomical unit from the primary star and with an orbital period of 432.8 days. 
The system is believed to be about 10,000 million years old, a little over twice the 
age of the Solar System. 

Various authors and researchers have speculated that because of the large 
number of observed binary systems the Sun may also have a companion. This 
seems highly improbable but, if it does or ever did, then it may look like the 
C Reticuli system. ¢ Ret consists of two nearly identical solar analogs separated 
by 3,750 AU and having an orbital period in excess of 170,000 years. Because 
they lie only 39.5 ly from Earth the pair appear as a wide double in the night sky 
some 5.2’ apart. ¢’ Reticuli is the fainter of the two at m, +5.54. It has a 
diameter of 0.92 Do and mass of 0.96 Mo. Its spectrum has not been pinned 
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down exactly but appears to be G3-5. Its partner, C? Reticuli, is an even closer 
solar analog, being a G2 and with a diameter of 1.0 Do and mass of 0.99 Mo. It is 
slightly brighter at my +5.24. The luminosity of both stars is 0.95 Lo and they are 
considered to be between 1,560 million and 6,000 million years old (the Sun is 
4,567 million years). C? Ret seems to have a debris disk that reaches out to 4.3 AU. 
The pair are in a highly elongated orbit that swings between 17,400 and 28,600 
ly of the galactic center. € Ret shot to fame in the 1960s when Barney and Betty 
Hill of Portsmouth, New Hampshire claimed to have been abducted by aliens 
from the star system. The alleged abduction took place on 19 September 1961 but 
was not made public until 1963 when the couple produced a star map indicating 
the home of their extraterrestrial abductors. Intrigued by the map Marjorie Fish, 
a school teacher and amateur astronomer, searched through thousands of stellar 
combinations and announced in 1968 that the star map was centered on the € 
Reticuli system. 

The only F-class star in the constellation is k Reticuli, an F5 dwarf of 1.2 Do 
and mass of 1.35 Mo. Fairly close to us at 69.9 ly the star shines at m, +4.71 and 
would brighten by 14% magnitudes to M, +3.4 at 10 pc. Somewhat hotter than 
the Sun at 6,750 K its rotational period is exactly 4 days, the star spinning at 15 
km/s. 


Sagitta 


Constellation: Sagitta Hemisphere: Northern 
Translation: The Arrow Area: 80 deg” 
Genitive: Sagittae % of sky: 0.194% 
Abbreviation: Sge Size ranking: 86th 


One of Ptolemy’s original constellations the arrow is associated with many 
legends such as Hercules and Eros. 


Just seven naked eye stars make up the third smallest constellation and at m, 
+4.38 a Sagittae is not even the brightest, outshone by both y and 6 and exactly 
the same magnitude as B with which it may be associated. « Sge has a diameter of 
28 Do, a mass of 4 Mo and a luminosity of 302 Lo. A G1 it rotates at 6.5 km/s 
completing a full revolution in 218 days. By comparison B Sagittae is somewhat 
larger at 40 Do, has a mass of 4.3 Mo and a luminosity of 294 Lo. It is at the 
opposite range of the G-class; a G8. « Sge lies at 473 + 43 ly while B Sge is usually 
quoted as 467 + 41 ly, so the two stars could be very close neighbors. B Sge takes 
204.5 days to rotate once, spinning at 9.9 km/s. 

y Sagittae is one of two M-class giants. Shining at m, +3.5 its diameter has 
been estimated at 20, 30 and 48 Do, averaging 33 Do with a mass of 2.5 Mo. A 
KS it lies 274 ly from Earth and has a rotational velocity of 5.8 km/s which, 
assuming a diameter of 33 Do, means that it rotates once every 288 days. 

The K2, 15 Do n Sagittae takes more than two years to rotate once, its 
rotational velocity being just half that of the Sun, 1 km/s. It is one of the fainter 
stars at my, +5.1 but is the closest at 162 ly. Its mass is 0.99 Mo. 

6 Sagittae is a spectroscopic binary. The visible component is an M2 red giant 
of 152 Do or about as big as the orbit of Venus. Despite its huge size its mass is 
small, just 3.8 Mo. It belongs to the Lb class of pulsating variables, its magnitude 
switching between m, +3.75 and +3.83. In terms of luminosity it appears 453 
times as luminous at the Sun but take into account that 90% of its output is in 
the infrared and the luminosity rockets to 4,500 Lo. Its invisible companion is a 
2.9 Me AO white dwarf of 60 Lo in a 10.2 year orbit that has an average 
separation of 8.8 AU. 6 Sagittae’s distance is 448 ly. 

C Sagittae is a four star system. The primary is a my +5.50 A3 dwarf of 1.7 Do 
which, because of the combined light of the other stars, appears as a my +5.04. In 
a 23.22 year long orbit is the secondary component, a slightly hotter Al. The 
third component is a m, +6.02 star which, if it is truly a member of the system, 
will have an orbital period of at least 8,535 years. Finally there is a 9th magnitude 
star whose membership of the system is questionable. 

The sole remaining naked eye star is 13 Sagittae which is also known as VZ 
Sagittae on account of the fact that it is an Lb slow irregular pulsating 
variable, its magnitude fluctuating between m, +5.27 and +5.57. Apart from 
the fact that it is an M4 and lies 746 ly from Earth very little is known about 
this star. 
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Only one star in Sagitta is currently known to have a planet, the 9th 
magnitude HD 231701. 

Messier 71 was long believed to be a compact open cluster but since the 
1970s it has been regarded as a globular. About 27 ly across and 13,000 ly away it 
has an apparent magnitude of m, +8.2. 


Sagittarius 


Constellation: Sagittarius Hemisphere: Southern 
Translation: The Archer Area: 867 deg” 
Genitive: Sagittarii % of sky: 2.102% 
Abbreviation: Sgr Size ranking: 15th 


One of the Zodiacal constellations which the Sun enters on 18 December and 
leaves on 19 January, Sagittarius was a Centaur called Crotus, the son of Pan and 
the inventor of archery. In traditional celestial cartography Sagittarius is shown 
firing an arrow at Scorpius, the neighboring constellation. This is a particularly 
rich region of the sky with the galactic center close to 3 Sagittarii. 


Not the brightest, actually the 15th brightest star in the constellation, « 
Sagittarii shines at m, +3.94 from a distance of 170 ly. A little over twice as hot 
as the Sun at 12,400 K it is a bluish-white B8 dwarf, 2.3 solar diameters across and 
with a mass of 3.17 Mo. It rotates at 85 km/s, a bit on the slow side for its class 
which average 151 km/s but not unusual, and is consequently slightly oblate. It 
takes just 1.4 days to complete a single turn on its axis. It is surrounded by a dust 
cloud, a remnant from its formation, and there is some suggestion that it may be 
a spectroscopic binary although no one is yet sure. 

Sagittarius has not one but two B stars which are totally unrelated. B* 
Sagittarii lies at a distance of 378 ly and is a hot, 13,600 K, B9 of 2.7 Do and 
weighing in at 3 Mo. Its modest my, +3.94 would brighten to 1st magnitude at 10 
pc, its luminosity being 290 Lo. It is not alone. In a 3,290 AU orbit that takes 
82,000 years to run full circle is a my +7.11 A5 dwarf of 1.89 Do. While B! Sgr 
spins at a modest 13 km/s taking 10.5 days to turn once, its companion 
(cataloged as HD 181484) whirls around at 140 km/s, its rotational period 
amounting to just 16.4 hours. 

* Sagittarii is a very different star. Much closer at 139 ly but a bit fainter at 
my +4.28 it is a 3.5 Do F2 with a mass of 1.93 Mo and surface temperature of 
7,100 K. B? Sgr is an unusually fast spinner. F2 stars average just 59 km/s. 7 Sgr, 
however, rotates at 126 km/s putting it in the fastest 9%. It is thought to be 1,200 
million years old. 

Like 6’ and B? Sgr, y! and y? Sagittarii are also unrelated. y’ Sagittarii is an F7 
supergiant of 58 Do and a mass of around 7 Mo. Lying 2,077 ly from the Sun it is 
a Cepheid, varying in magnitude between m, +4.28 and +5.10 with a period of 7° 
14" 16.8™. As a result it sometimes is referred to as W Sagittarii. F7 supergiants 
are relatively rare; only a few are visible to the naked eye. y! Sgr is only expected 
to last for about 77 million years. It has at least two companions, an F5 in a 4.33 
year long orbit and an AO in a 119 year orbit. 

y? Sagittarii is a m, +2.96 K1 giant of 12, possibly 13 Do and a mass of 
around 2 Mo. Just 96.1 ly away it shines at a steady m, +2.96. With a temperature 
of 4,600 K its rotational velocity is 2.5 km/s so it takes 263 days - 8 months - to 
complete a single revolution. It may be a spectroscopic binary. 
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The brightest star in Sagittarius is ¢ Sagittarii at m, +1.81. Usually cataloged 
as a B9.5 it may have just crept into the next spectral class to become an AO. 
Around 2.6 Do between the poles and perhaps as much as 7 Do equatorially its 
mass is 3.47 Mo and it is 300 times more luminous than the Sun. It lies 145 ly 
away and its oblate spheroid shape is due to it spinning at 236 km/s. It rotates 
once every 1.5 days. 

C Sagittarii is a true binary system. It appears to the naked eye as a single star of 
m, +2.59 but its magnitude is a combination of a my, +3.26 A2.5 and a my +3.37 A4 
separated by just 0.5”. In real space that equates to about 13 AU although the stars 
separation varies between 10.6 and 16.1 AU with an orbital period of 21.08 years. 
The primary is a 3.2 Do dwarf of 2.27 Me and a luminosity of 31 Lo. Its companion 
has a mass of slightly less, 2.1 Mo, and is also not as luminous at 26 Le but its 
diameter is slightly larger at 3.3 Do. The system is 89.1 ly from Earth. 

Although red giant observers often record n Sagittarii as distinctly orange, 
possibly because of its contrast with a number of blue stars that surround it. An 
estimated 79 Do across - about as big as the orbit of Mercury - its mass is just 1.5 
Mo. Visually it appears to have a luminosity of 95 Lo but most of its output is in 
the infrared so it total luminosity is around 590 Lo. Not surprisingly it is a 
pulsating variable, its magnitude fluctuating between m, +3.05 and +3.15 without 
any discernable period. Around 3,000 million years old it is accompanied by an F- 
class dwarf of unknown diameter but with a mass of 1.3 Mo. Currently separated 
by 3.5” the two orbit at an average 133 AU with a period of around 1,300 years. 
The companion is m, +7.8 and the whole system is 149 ly away. 

Sagittarius is awash with unrelated ‘siblings’. Apart from B and y mentioned 
above there is also 0, v, £, p and y. 6" Sagittarii is a B3 star of 5.6 Do and 6.6 Mo. A 
relatively faint m, +4.34 it would brighten to a respectable M, -2.3 at 10 pc. Its 
surface temperature is 20,300 K and it rotates once in just over 4 days, its rotational 
velocity being 69 km/s. It is a spectroscopic binary, its companion locked in an 
orbital period of 2.11 days. 6! Sgr lies at a distance of 618 ly. 6? Sagittarii is a 
much smaller star, estimated to be between 1.8 and 2.1 Do and 1.9 Mo. It isa 
cooler A4 of 8,180 K and is significantly closer at 157 ly. Its magnitude is my +5.30. 

dX Sagittarii, along with o, are the two closest stars at 77.3 and 77.6 ly 
respectively. 1 Sagittarii is a m, +2.81 KO giant of 9.5 Do and a mass of 1.78 
Mo. It rotates relatively slowly, just 3.8 km/s, (the average for K1 stars is 12 km/s) 
and so has a rotational period of 126.2 days. » Sagittarii’s rotation has never 
been measured, which is a pity because it is a solar analog. A GS its diameter is 
1.9 Ds with a mass of 1.39 Mo. It is my, +4.70. 

p Sagittarii is a complex arrangement of half a dozen stars about which 
nothing is known for sure, except that it is complex! So, let’s start with simple 
observation. First, p“ Sagittarii is variable. At its maximum the main star 
attains m, +3.80 but then fades to +3.88. The period is given as 180.45 to 180.55 
days. Some of the variability in the period is due, we think, to the star pulsating, 
causing ripples across its surface and is typical of « Cygni type variables. Most of 
the dip in magnitude however is due to the presence of a companion that from 
our vantage point on Earth eclipses the main star, similar to B Persei. In other 


393 


(Aj) eoue sig 
00S'S 000'S 00S'r 000'r 00s’ 000°¢ 00S'°2 000°Z 00S'L 000° 


“ 
= 
ih 
S 
+ 
= 
i=)] 
] 
“A 


0£99 DON 
» eA 
SIN Foe 


seouejsig 
snieyibes 


394 The Star Atlas Companion 


words, an Algol (EA) variable. So we already have a hybrid « Cyg-f Per variable. 
Second, it belongs to the B2 spectral group. Now for the speculation. It is thought 
to be a bluish-white supergiant. A conservative estimate is that it is 85 Do across. 
That’s as big as the orbit of Mercury (0.8 AU). The upper limit is 115 De (1.1 AU). 
Its rotational velocity is about 45 km/s so its rotational period is therefore between 
95.6 and 129.3 days. 1“ Sgr’s distance is even more difficult to pin down. Published 
estimates include 3,000, 3,600 and 5,100. The system is thought to belong to the 
Sagittarius OB1 association in which case 3,000 to 3,600 ly seems the most likely 
distance. Luminosity has been equally problematic with guesstimates ranging from 
55,000 to 180,000 Lo. Take into account that much of the main star’s output will 
be in the ultraviolet and one published figure suggests a total luminosity of 2 
million Lo. At 10 pc the star could have an absolute magnitude of M, -7.1. Then 
there are its five companions. p»® Sagittarii (sometimes referred to as 1 Sagittarii B 
or ”) is a 7th magnitude B1.5 separated by 0.011” which equates to 2 AU in real 
space. It may have a mass of 8 Mo. p° Sagittarii is a B9 dwarf averaging 29,000 AU 
from the main star, or 17” on the celestial sphere. It is my +10.48. Somewhat farther 
out at 44,000 AU is p? Sagittarii which appears 26” away at my +13.5. It is also a 
B-class dwarf. Next is p® Sagittarii, a B3 separated by 49” or 80,000 AU and 
glowing at m, +9.69. Finally p* Sagittarii marks the outer edge of the system at 
87,000 AU from the main star. This m, +9.25 B2 lies 50” away from p Sagittarii 
proper. Components C, D, E and F probably have a combined mass of 10 Mo. Such 
a system is technically highly unstable, the gravitational interactions likely to kick 
some of the stars out of the system. However, the main star is only expected to live 
for around 5 million years so it is anyone’s guess as to whether it will go supernova 
before losing any of its five companions. 

It is easy to understand why the double stars v' and v” Sagittarii were mistaken 
for a true gravitationally bound binary pair. They are about the same magnitude, 
are the same spectral class and are close together — at least on the celestial sphere 
— being separated by about 12’. In truth they are around 1,600 ly apart, a fact that 
becomes evident when the two stars are ‘placed’ 10 pc from Earth and there is an 
absolute magnitude difference of 9 full mags. v’ Sagittarii is a m, +4.86 K1 
bright supergiant of 360 Do or 3.3 AU. In Solar System terms if the Sun was 
replaced by v’ Sgr it would easily swallow up Mars. Its mass is estimated to be 9.8 
Mo. From its home 1,853 ly away its 3,000 Lo displays as a modest star but at 10 
pc it would be a sparkling M, -6.0, far brighter than Venus. It is heading towards 
us at a reasonable 12 km/s, accompanied by a 3.8 Mo BY in an 11,700 year orbit 
often referred to as v’ Sagittarii B. They are currently 2.5” apart, the secondary 
star being a faint m, +10.8. There is also a v' Sagittarii C which coincidentally 
is also m, +10.8 and 28.2” from the primary, but it probably is just a coincidence, 
the stars lying in the same line of sight rather than being gravitationally bound. 
Much closer to us at 270 ly is v? Sagittarii. It is much smaller than v! Sgr - ‘just’ 
85 Do - and significantly less massive at 1.43 Mo. Its luminosity of 57 Lo would 
have an absolute magnitude of a mere M, +3.1. Certainly nothing to write home 
about, were it not for the fact that it is hurtling towards us at 110 km/s on a visit 
from a more distant part of the Galaxy. 
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The p Sagittarii Complex Lt Sgr F (B2) 
Showing distances in AUs from the primary 0.9 Do 
2.9 Mo 
87,000 AU 


Lt Sgr C (B9) 
2.2 Do 
3.3 Mo 
29,000 AU Lt Sgr E (B3) 
1Do 
2.4Mp5 
Lt Sgr B (B1.5) 80,000 AU 
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100 Do 7.8 Mo 
63M 1,076 ly 
3,600 ly Ry 24kmi/s 
Ry 45km/s Rp 122.3 days 
Rp 112.5 days 


7) Sgr A (M3.5) 
79 Do 
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Lying just over a degree from the direction of the galactic center 3 Sagittarii is 
better known - and perhaps more appropriately — as X Sagittarii, the X giving us 
a clue as to its variable nature. A pulsating 5 Cepheid it varies between m, +4.20 
and +4.90 with a period of 7° 14" 16.9™ during which its spectrum swings from F5 
to G9. Numerous attempts have been made at estimating its diameter with results 
ranging from 44 to 68 Do and averaging 58 Do. Its rotational velocity is known 
with more certainty coming in at 24 km/s. For the minimum diameter the 
rotational period then works out at 92.8 days increasing to 122.3 days for the 
average diameter up to 143.4 for the largest estimate. Believed to be somewhere 
between 40 and 65 million years old the star lies 1,076 ly from Earth and 25,000 ly 
from the galactic center. On the opposite side of the sky, 180° away, looking away 
from the galactic center and out into deep space, is 136 Tauri, m, +4.55, and TYC 
1873-835-1 at my +5.99 which we shall come across again when we describe Taurus. 

Sagittarius is rich in open and globular clusters (see table). The open cluster 
Messier 18 (NGC 6613) has 29 stars brighter than 12th magnitude and is best 
seen with a small telescope or binocular. Sixteen of the stars in the region are B- 
class. It is situated between M17, the Lagoon Nebula, and the star field M24. 
Messier 21 (NGC 6531) has quite a compact core that often leads to an 
underestimation of its true size which is usually quoted as 13’ but is in fact 22’ 
across. At an estimated 4.2 million years old it is only one-seventh of the age of 
M18. By far the oldest open cluster in Sagittarius at 220 million years is M23 
(NGC 6494). Most of its stars are late B to early A-class. Of the 148 stars in the 
area only about two-thirds are actual members of the cluster. Messier 25 (IC 
4725) is probably the closest open cluster at 2,000 ly but various factors can 
affect estimations of distances and it could well be that M23 is actually slightly 
closer. It is a full degree in diameter which, if the distance is correct, works out at 
nearly 35 ly across. For some strange reason it was never given an NGC number. 
The 6 Cepheid variable U Sagittarii lies in the general direction of M25 but at a 
distance of 12,080 ly sits well beyond the cluster and is not a member. It varies 
between my +6.28 and +7.15 with a period of 64 17" 52.7™. 

NGC 6530 formed from the Lagoon Nebula (M8) in which it is embedded. 
The brightest star in the area is 7 Sagittarii at m, +5.35 but neither this nor the 
second brightest star, 9 Sagittarii, m, +5.97, are actual members of the cluster, 
7 Sgr lying 1,106 ly away and 9 Sgr 4,900 ly. The third brightest, HD 165052, m, 
+6.87, has only a 39% chance of being a member and we have to look at HD 
164816, m, +7.08, before we reach any degree of certainty (98%) that we have a 
cluster star. The cluster is dominated by early B-class stars with a couple of K-class 
thrown in for good measure. 

Of the seven globular clusters in Sagittarius, Messier 22 was the first to be 
discovered and is estimated to contain 70,000 stars. It is possibly the closest 
globular at 10,400 ly and is certainly one of the brightest at my, +5.1. If the 
measurements are correct then the globular cluster M54 is a huge structure at 
305 ly across and relatively easy to find at m, +7.6. The constellation contains 
numerous other deep sky objects such as the Omega and Trifid nebulae. 

Of the planetary systems so far discovered in Sagittarius MOA-2007-BLG-192-L b 
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is the most intriguing. MOA is the Microlensing Observations in Astrophysics, a 
collaborative project between New Zealand and Japan. The star has a mass of 
between 0.039 and 0.088 Mo, putting in it the brown dwarf category (a peculiar 
name as brown dwarfs are likely to be magenta due to their absorption of elements 
like potassium and sodium). The planet is a 0.005 to 0.025 Jovian mass (1.59 to 
7.95 Earth masses) super-Earth in an orbit that is somewhere between 0.46 and 0.84 
AU. A 12.71 Mo has also been found in orbit around OGLE-05-169L. 


Planetary systems in Sagittarius 


Star Do Spectral ly my Planet Minimum gq Q P 
class mass 
HD 164604 ? K2 124 +9.7 HD 2.7M, 0.86 1.40 1.66 y 
164604 b 
HD 169830 1.84 F8 119 +5.9 HD 2.88 M, 0.48 1.14 226d 
169830 b 
HD 4.04 M, 2.41 4.79 5.76 y 
169830 c 
HD 171238 ? KO 164 +8.66 HD 2.6M, 1.52 3.56 4.17 y 
171238 b 
HD 179949 1.19 F8 88 +6.25 HD 0.94 M, 0.045 0.044 3.09d 
179949 b 
HD 181720 ? Gl 182 +7.86 HD 0.37 M, ? 2? 2.62y 
181720 b 
HD 187085 ? GO 147 +7.22 HD 0.75 M, 1.09 3.01 2.70y 
187085 b 
HD 190647 ? G5 177 -+7.78 HD 1.90 M, 1.78 2.36 2.84y 
190647 b 
MOA-2007-. _? ? 3,262 +19.81 MOA-2007- 4.78 Mg 0.62 0.62? ? 
BLG-192-L BLG-192-L b 
MOA-2007- _? ? 19,569 ? MOA-2007- 0.9M, 0.85 0.85 ? 
BLG-400-L BLG-400-L b 
OGLE-05- ? ? 8,806 ? OGLE-05- 12.71 Me 2.8 2.8? 9y 
169L 169L b 
OGLE-06- ? ? 4,925 +17.17  OGLE-O6- 0.727M, 2.3 2.3? 4.9y 
109L 109L b 
OGLE-06- 0.271M, 4.5 4.5? 13.5y 
109L c 
OGLE-235- ? 2? 16,960 +19.7. OGLE-235- 260M, 5.1. 5.1? ? 
MOA53 MOAS3 b 
OGLE-TR-10 1.16 G/K 4,892 +14.93 OGLE-TR-10 b 0.63 M, 0.041 0.041 3.10d 
OGLE-TR-56 1.32 G 4,892 +16.6 OGLE-TR-56b 1.29 .M, 0.023 0.023 1.21d 
SWEEPS-04 1.18 ? 6,523 ? SWEEPS-04 b  <3.8 M, 0.055 0.055? 4.2 d 
SWEEPS-11 1.45 6,523 ? SWEEPS-11 b 9.7 M, 0.03 0.03? 1.80d 
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Open and globular clusters in Sagittarius 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 

M17 (NGC 11’ 40 5,500 1 HD 168302 5 +6.0 

6618) my +9.26 

M18 (NGC 19’ 27.4 4,900 32 HD 168352 29 +7.5 

6613) my +8.70 

M21 (NGC 22’ 27.5 4,250 4.6 HD 164863 57 +6.5 

6531) my +7.28 

M23 (NGC 43’ 27 2,150 220 HD 163245 148 +6.9 

6494) my +6.46 

M25 (IC 4725) 60’ 34.9 2,000 89 HD 170764 126 +4.6 
my +6.36 

NGC 6530 58’ 88 5,200 2 7 Sagittarii 182 +4.6 
my +5.35 

M22 (NGC 32’ 92 10,400 Globular cluster +5.1 

6656) 

M28 (NGC 11.2’ 60 18,300 Globular cluster +6.8 

6626) 

M54 (NGC 12’ 305 87,400 Globular cluster +7.6 

6715) 

M55 (NGC 19’ 97 17,300 Globular cluster +6.3 

6809) 

M69 (NGC 9.8’ 83 29,700 Globular cluster +7.6 

6637) 

M70 (NGC 8’ 65 29,300 Globular cluster +7.9 

6681) 

M75 (NGC 6.8’ 130 ~=©67,500 Globular cluster +8.5 

6864) 


*May not be a cluster member. 


Scorpius 


Constellation: Scorpius Hemisphere: Southern 
Translation: The Scorpion Area: 497 deg” 
Genitive: Scorpii % of sky: 1.205% 
Abbreviation: Sco Size ranking: 33rd 


Like neighboring Sagittarius, Scorpius is set in a rich part of the Galaxy. It is one 
of the Zodiacal constellations, the Sun entering on 23 November and leaving just 
six days later on 29 November. The constellation depicts a giant scorpion against 
which Orion fought and lost, the scorpion inflicting its deadly sting on the great 
hunter. 


The red coloration of « Scorpii means that it can easily be mistaken for Mars and 
has earned it the ancient name Antares. ‘Ares’ is the Greek for Mars and ‘Ant’ has 
the same root as ‘anti’ so the name is often translated as ‘Rival of Mars’, ‘Against 
Mars’ or ‘Opposite Mars’, although it could also be translated as ‘Not Mars’. 
Antares is one of the truly great stars; an M1.5 supergiant of 740 Do or 6.9 AU 
which, in Solar System terms, puts it somewhere between the Asteroid Belt 
(average of 5 AU) and Jupiter’s orbit (10.4 AU). Despite its huge size its mass is 
just 16.5 + 1.5 Mo. Its luminosity initially looks like 10,200 Lo but it should be 
remembered that most of its radiation is released in the infrared so its absolute 
luminosity is likely to be 75,000 + 15,000 Lo. Lying some 604 ly away its 
rotational velocity has been estimated at 20 km/s so the star rotates once every 
1,873 days or 5.1 years. And therein lies a couple of intriguing mysteries. The first 
is that angular measurements of the star suggest that it is not spherical and it has 
been suggested that it may be an oblate spheroid or egg-shaped. The problem is 
that Antares is not spinning fast enough to deform in such a way. What we could 
be witnessing is evidence for a star that has a very uneven surface, rather like a 
dozen golf balls stuck together. Betelgeuse, another red supergiant, also hints at 
this type of structure. The second mystery is the fact that it is an SRc variable, 
changing between m, +0.88 and +1.80 with a period of 1,733 days or 4.75 years. 
This is very close to its rotational period and, given the margin of error in 
astronomical observations of such stars and the fact that the equatorial region 
will rotate faster than the polar regions, it raises the possibility that its variability 
may be linked to its rotational period rather than the traditional view that 
variability is caused by the star pulsating. Antares is not alone. At around 550 AU 
a B3 blue dwarf orbits the supergiant every 2,500 years. At a mere 2.9” separation 
this my, +5.4 star is difficult to see but those who have managed to observe the 
companion, which has a mass of about half that of the primary, usually say that 
it looks green, an artifact of its contrast against the much brighter red star. The 
Antares system is embedded in a nebula about 5 ly across. 

B Scorpii is a complex of at least six B-class stars in highly unstable orbits. B“? 
Scorpii (often referred to as B' Scorpii) is a m, +2.62 BO.5 of 8 Dg and 13.5 Mo. 
The double letter superscript gives away the fact that it has an orbiting 
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companion, 6“? Scorpii, which is a B1.5 of 6.5 Meg and a magnitude of m, +3.72. 
From Earth the two stars appear to be in a vertical orbit with a period of 6.43 days 
and a separation of 1.42’. Also in orbit around B* Scorpii is B® Scorpii, a my +5.98 
B-class star of 4.7 Mo. 6 Scorpii and B® Scorpii seem to be in a horizontal orbit 
separated by 3.9” and with an orbital period of 610 years. The 13.24 Mo B© 
Scorpii (often referred to as B” Scorpii) is in a 39 year long orbital embrace with 
the 3.4 Mo B* Scorpii and has a separation of 0.133”. Needless to say, there is a 
B® Scorpii also in orbit with 6" Scorpii that has a period of 10.7 days. B™” Scorpii 
has a mass of 1 Mo. They are a spectroscopic pair. The 6“*/6°/83 triplet are in a 
12,700 year long orbit with the B°/B**/p"” triplet. The two triplets are separated 
by 13.6”. 

The star that was originally designated y Scorpii is now known as o Librae 
so you won’t find it in Scorpius. The next star on the list is 6 Scorpii or 
Dschubba, a hot 29,500 K BO.2 some 402 ly away. Spinning at 165 km/s it is an 
oblate spheroid, its equatorial diameter a bulging 7.4 Do while its polar diameter 
is probably only about 5 Do. Its rapid rotation throws hot gases out into the 
surrounding space thus making the star a Be emission star. An apparent 
luminosity of 1,500 Lo belies the fact that it radiates most of its energy in the 
ultraviolet so that its total output is more like 66,000 Lo. At 10 pc it would have 
an absolute magnitude of m, -4.1, about as bright as Venus, while its ‘normal’ 
apparent magnitude is my +2.28. ‘Normal’ because in July 2000 it followed y 
Cassiopeiae and suddenly brightened, attaining my +1.67. It remained high for a 
few years before fading. A decade later it is still unstable and varying between m, 
+1.8 and +2.6. It has a companion in a 0.4 AU orbit that has a period of 20 days 
and another in a 9.5 AU with a period in excess of 10 years. Both a B-class stars as 
is a possible third companion. 

¢ Scorpii is a relatively faint m, +4.78 yellowish star that hides its light 
under a bushel, or at least behind clouds of interstellar dust. No one really knows 
how far away it is - 5,700 ly has been suggested - but its light is significantly 
dimmed and washed out. ¢’ Scorpii is actually one of the most massive and most 
luminous stars in the sky. Without the interstellar dust clouds getting in the way 
it would be a couple of magnitudes brighter and appear distinctly blue for ¢' Sco 
belongs to the Luminous Blue Variable (LBV) category, its output a staggering 1.5 
million Suns. It is not a particularly large star - ‘just’ 52 Do across — but it is very 
massive at 58 Mo. Such stars live for only a few million years at most, the Galaxy 
having witnessed their passing many times during its 13,500 million year 
history. C’ Sco loses a full solar mass every 100,000 years. Belonging to the B1 
spectral group its surface temperature is 21,000 K and its rotational velocity is 57 
km/s, so it makes one turn on its axis every 46.2 days. 

Seven arc minutes to the east of 6! Sco is the totally unrelated C? Scorpii, 
more than a magnitude brighter at my +3.62. A K4 giant of 21 Do its mass is 
around 1.4 Mo and it is 151 ly away. Almost due south is the m, +5.88 HD 
152293 forming a neat triangle that is easy to spot with a small ’scope or a 
binocular. Other than the fact that it is an F5 very little else is known about this 
star. 
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t Scorpii is another double star system which, like ¢’ and C¢? Sco, is not a 
binary. The brighter of the two is 1! Sco at m, +3.02, a rare F2 supergiant of 400 
Do (3.7 AU) with a mass of 12 Mo and luminosity of 35,100 Lo. Long believed to 
be about 1,790 ly away the latest estimates indicate it is even more distant at 
1,930 ly. It rotates at 36 km/s and so takes 1.5 years to complete a single turn on 
its axis. At 10 pc it would be M, -8.4. Its namesake, v Sco, is almost two 
magnitudes fainter at apparent magnitude m, +4.81 and with an absolute 
magnitude of My, -5.2. While no where near as big its 60 Do is rare for an A2 with 
only about a dozen naked eye A-class stars known to be larger. It is also much 
farther away, 3,706 ly, and spins slightly faster at 39 km/s and so completes a 
single rotation every 80 days. 

Scorpius is home to three naked eye B Cepheid pulsating variables. The 
brightest is 4 Scorpii or Shaula which is also the second brightest star in the 
constellation, at m, +1.63 to +1.65 and with a period of 5" 7™ 44°. A B2 of 6.6 Do 
it is just over 700 ly away and rotates once every 2.3 days with a rotational 
velocity of 145 km/s. The second brightest is k Scorpii or Girtab which over a 
period of 4° 47™ 49° varies between my, +2.41 and +2.42 and back. A B1.5 similar 
in size to i Sco at 7 Do it is much closer at 464 ly and rotates at 130 km/s taking 
2.7 days to spin once. It has an estimated mass of 10.5 Mo and is accompanied by 
a7 Mo companion in a 195.7 day orbit which sees them close up 0.87 AU before 
separating to a maximum 2.5 AU. The faintest of the three B Cepheids is also the 
most interesting, being a possible quadruple system. The main star, o Scorpii or 
Alniyat, has a magnitude range of my +2.86 to +2.95 with a periodicity of 5¢ 
55.5™. Around 8 Do it is potentially the farthest at 735 ly but that depends on 
how much error there is in the distance estimation. A fairly young system, just 10 
million years old, the B1 primary has a rotational velocity of 55 km/s and takes 
just over a week to complete a single rotation. It has a mass of 15.5 Me while its 
my, +5.2 partner is about 3.4 Mo and has an orbital period of 33 days. Two other 
companions are separated from the main pair by 0.4” and 20”. 

The double star p Scorpii consists of a variable B1.5, which fluctuates 
between my, +2.94 and +3.22, and a m, +3.53 B2. pt Scorpii. u Sco is 5.3 by 3.0 
Do, its shape distorted partly by its rapid rotational velocity of 209 km/s. p? 
Scorpii is a more spherical 7 Do, rotating at 52 km/s and turning once every 6.8 
days. The two stars, however, are totally unconnected, 1! Sco lying some 822 ly 
away but closing in on us at 25 km/s while Sco is 517 ly away and heading 
deeper into space at a leisurely 1.4 km/s. However, unseen is a B6 in orbit around 
u' Sco although we can detect its presence by the fact that it eclipses the primary 
every 1° 10" 42™ 38°, hence the variability. The 1! Sco components weigh in at 
13 and 8 Mo and are just 10.5 million km (7.5 Do) apart, so close that one is 
losing mass to the other, making it a B Lyrae or EB semi-detached system. 

A second £ Lyrae pair can be found in a Scorpii which is also a quadruple 
system. The main star is a my +2.88 to +2.90 B1 with a diameter of 6.97 Do and 
mass of 12.4 Mo. Around 458 ly away the star spins at 90 km/s and takes almost 4 
days to turn once on its axis. Its companion is a 5.59 Deo B2 with a mass of 7.6 
Mo. The pair are in a roughly circular orbit with a separation of just 3 millionths 
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of an arc second which scales up to 0.071 AU or 10.44 million km - about 7.4 Do. 
The orbital period is a mere 1.57 days. A third companion is in orbit around these 
two stars at a distance of 8,000 AU with a period in excess of 160,000 years. It also 
has a partner, probably a K dwarf, in a 90 AU orbit. 

To the naked eye v Scorpii or Jabbah looks like a lone 4th magnitude star but 
a small telescope will reveal a 6th magnitude companion while large apertures 
show that each of the two components themselves have companions. Add a 
spectroscope to the set up and a fifth star is evident. There may be more: it is a 
complicated story. The primary is a my, +4.35 B2 giant of 12 Do and a mass of 
10.96 Mo. Despite its large size it is also a fast spinner at 200 km/s, completing a 
turn every 3 days. At these velocities the poles are pulled inwards and the equator 
bulges so the true physical dimensions are likely to be 12 Do across the equator 
and 9 Do through the poles. It has an unseen spectroscopic companion of 1.2 
Mo that orbits the primary every 5.552 days. It is also a B-class star. At a 
separation of 1.3” is a m, +5.37 B9 of 6.5 Mo. With a more modest rotational 
velocity of 70 km/s it orbits the primary and its spectroscopic companion at an 
average distance of 175 AU, taking 452 years to complete a single orbit. Farther 
out, at 41.1”, is the fourth star, a m, +6.9 B8 with a mass of 3.88 Mo. It also has 
an orbiting companion, a B9 of m, +7.39 that has a mass of 2.08 Mo. The two are 
separated by an average 2” which corresponds to 320 AU and an orbital period of 
1,388 years. The faint pair are in orbit with the brighter pair (and the 
spectroscopic companion) with a period of at least 68,000 years, the mean 
orbital distance being 5,500 AU. The system is 437 ly from Earth. 

Things do not get any easier with & Scorpii, another 5 star system at 79.4 ly 
away. & Scorpii A is a my +4.77 yellowish F6 with a mass of around 1.3 Mo anda 
diameter of 2.3 Do. It has an almost identical companion, € Scorpii B, a slightly 
smaller 2.0 Do and 1.1 Mo but an FS. It has an apparent magnitude of my +5.07. 
On the celestial sphere they are separated by 0.654” but in real space they are ina 
45.648 year long eccentric orbit that brings them as close as 5.5 AU but then 
separates them by as much as 32.6 AU. € Scorpii C orbits A and B every 1,500 
years at an average distance of 210 AU, the separation currently being 7.8”. It isa 
yellow G7 of 0.9 Do and about 1.0 Mo with a luminosity of about 80% that of 
the Sun. To this triplet must be added a binary consisting of € Scorpii D and 
€ Scorpii E but which are also commonly referred to as Struve 1999A and Struve 
1999B (or X1999A and £1999B). &€ Scorpii D is a yellowish-orange G8 of m, +7.46 
while & Scorpii E is a more orange than yellow KO or K2 of m, +8.03. Both stars 
have diameters and masses of about 85% that of the Sun. Their mutual orbit has 
a period of 3,918 years, the two stars separated by an average 329 AU (11.39”). 
The binary pair lie about 8,000 AU (282.66”) from the triplet in an orbit that 
takes more than 282,000 years to complete. 

@ Scorpii is a fine naked eye double 14.6’ apart and totally unrelated. The 
brighter of the two is a my +3.93 B1 whose diameter has been variously put at 5.6, 
6.6 and 10 Do. Like many B-class stars it is a fast spinner, rotating at 120 km/s 
resulting in a rotational period of 2.4, 2.8 or 4.2 days depending on which 
diameter is correct. It is 424 ly away. o? Scorpii is the fainter at m, +4.32 and its 
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spectral class has been described in the literature as being anywhere between a 
G3 and a G7. Its diameter has been narrowed down to between 10 and 13.5 Do 
and its mass is reckoned to be 2.87 Mo. It rotates at the same velocity as the Sun - 
2 km/s - which means its rotational period is between 253.1 and 341.6 days; 
compare this with the Sun’s 25 day period. w* Sco is much closer than a! at 
265 ly. 

Scorpius is home to a number of bright open clusters. NGC 6231 tops the list 
at m, +2.6 and is also the youngest of the three clusters at 3.2 million years. It is 
dominated by hot O and B class stars and contains 15 variables that attain at least 
my, +12. One notable star is HD 152270 (aka WR 79). Its spectral signature, 
WC7, indicates it is a Wolf-Rayet (WR) star, a relatively rare type of object named 
after the 19th Century astronomers Charles Wolf and Georges Rayet who 
discovered the first of the class. WR stars are highly evolved massive stars, in 
excess of 20 Mo, with temperatures in the range of 25,000 K to 50,000 K. The 
stream of particles such stars continually release - the stellar wind - can reach 
speeds of up to 2,000 km/s compared with the Sun’s 400 to 750 km/s. HD 152270 
has a mass of 21 Mo and lies about 600 ly beyond the center of the open cluster 
at 6,500 ly. It is a spectroscopic binary, its 6.4 Ms O5-8 companion being in an 
8.8908 day long orbit. At 10 pc HD 152270 would be a brilliant M, -6.1. Two 
other brighter Wolf-Rayet stars exist in Scorpius: HD 151932 (WR 78) at m, 
+6.61 and the second brightest WR star in the entire sky, HD 152408 (WR 79a) 
at my +5.29. Only y* Velorum outshines all others at my, +1.74. 

A couple of super-Earths have been detected orbiting stars in Scorpius. OGLE- 
05-390L b is a 5.4 Mg while GJ 667C b is slightly more massive at 5.7 Mg. At the 
other end of the scale is the 13.75 M,; HD 162020 b which is a brown dwarf in the 
making (see table). 

Messier 7 is often referred to as Ptolemy’s Cluster having been mentioned by 
the Greek astronomer Claudius Ptolemzeus in about AD 130. Of the 155 stars in 
the M7 region that are brighter than my, +12 about one-third have less than a 
30% chance of being cluster members and nearly one-half have more than a 50% 
chance of being a member. M7 has one of the most densely packed cores of all 
open clusters. 

The faintest though still impressive of the clusters is Messier 6 with an 
uncertain age of 51 to 95 million years. Its luminary is sometimes the semi- 
regular variable BM Scorpii, a K2.5 giant which can attain my +5.57 but which 
can often be found in the range m, +6.8 to +8.7 so can be outshone by ten other 
stars in the region. 

Messier 4 is one of the closest globular clusters at 7,200 ly. Although spread 
across 75 ly more than half its mass can be found in a compact central core just 
16 ly across. M4’s claim to fame is that it has a planet in orbit around a white 
dwarf-pulsar binary system (PSR B1620-26). M4 lies just to the west of Antares. 
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Open clusters in Scorpius 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M6 25' 11.6 1,588 51-95 BM Sco 189 +4.2 
(NGC 6405) my +5.57 
M7 
(NGC 6475) 80’ 18.2 800 220 HD162587 155 +3.3 
my +5.56 
NGC 6231 20’ 30.9 5,900 3.2 HD 152234 112 +2.6 
my +5.45 
M4 36’ 75.4 7,200 Globular cluster +5.6 
(NGC 6121) 
M8s0 10’ 95.0 32,600 Globular cluster +7.3 
(NGC 6093) 
NGC 6388 17’ 212.6 44,000 Globular cluster +6.7 
NGC 6453 10’ 101.8 34,900 Globular cluster +9.8 


*May not be a cluster member. 


Planetary systems in Scorpius 


Star Do Spectral ly my, Planet Minimum q Q P 


class mass 

G] 667C ? M1.5 22.7 +10.22 GJ] 667C b 0.018 M, ? ? 7d 

HD 147513 1.0 G3/G5 42.1 +5.37 HD 1M, 0.61 1.92 1.48 y 
147513 b 

HD 159868 ? G5 172 +7.24 HD 1.7M, 0.62 3.38 2.70y 
159868 b 

HD 0.71 K2 102 +9.18 HD 13.75 M, 0.052 0.092 84d 

162020 162020 b 

OGLE-05- ? ? 10,763 +19.5 OGLE-O5- 3.5 M, 3.6? 3.6? 9.86 y 

O71L 071L b 

OGLE-05- ? M 21,200 +15.7_ OGLE-05- 0.017 M, 2.1 2.1 9.58 y 

390L 390L b 

PSR B1620- ? ? 12,400 +24.0 PSR 2.5 M, 23? 23? 100 y 

26 B1620-26 b 


TYC 6787- 1.38 F6 ? +11.6 WASP-17 b 0.49 M, 0.044 0.058 3.74d 
1927-1 


Sculptor 


Constellation: Sculptor Hemisphere: Southern 
Translation: The Sculptor Area: 475 deg” 
Genitive: Sculptoris % of sky: 1.151% 
Abbreviation: Scl Size ranking: 36th 


Originally called the Sculptor’s Workshop this is another faint constellation 
invented by de La Caille. The South Galactic Pole - or Polaris Galacticus Australis 
as Jim Kaler calls it - can be found 2.7° north west of B Sculptoris at RA 00" 51™, 
Dec. -27 08’. 


a Sculptoris is the brightest star in the constellation but at m, +4.29 it is not 
particularly easy to find. It is an SX Arietis or ‘helium’ variable reaching a 
minimum my +4.35, its variability linked to the rotational period of the star of 
21° 15" 39™. Spinning at a relatively slow 15 km/s « Scl is estimated to be 6.4 De 
and with a mass of 5.5 Mo. It is a B7 lying at 672 ly from Earth. 

¢ Sculptoris is definitely a binary, possible a triple but unlikely to be a 
quadruple system. The second closest star at 89.5 ly the primary e* Sculptoris 
(or, if you prefer, ¢ Sculptoris A) is an F2 of 1.5 Do and mass of 1.37 Mo. It 
appears to have three companions: e® Sculptoris is a my, +8.50 G9 Main 
Sequence dwarf which between 1825 and 2002 drifted away from the primary by 
1.9”; e© Sculptoris is a m, +15.0 star that has shown no movement while e? 
Sculptoris closed in on the primary by 1.2” between 1913 and 1998. A and B 
appear to be a real binary system with an orbital period of 1,192.2 years. The jury 
is still out on A and D but it seems at least possible that the star is part of a triple 
arrangement. A and C are likely to be a line of sight coincidence. 

The my, +5.02 € Sculptoris marks the position of the dispersed open cluster 
Blanco 1 although it is not itself a member lying 510 ly from Earth compared to 
the 877 ly of the cluster. A B4 with a diameter of 5 Do it is another apparently 
slow spinner at 15 km/s. 

The Blanco 1 cluster was discovered by V.M.Blanco in 1949 and is about 62.5 
million years old. It contains about 170 stars brighter than magnitude +12 
though no one is quite sure how many are actual cluster members as only about 
20% have had their membership probability estimated. 

7 Sculptoris is an M4 red giant 70 Do across; about as big as the orbit of 
Mercury. Around 548 ly away it is, like many of its class, an Lb pulsating variable, 
fluctuating between my +4.80 and +4.90 with no detectable period. Somewhat 
smaller at 27 Do is the Mira variable § Sculptoris which can attain my +5.50 on 
a good day before plummeting to m, +13.6. Its period is just about a year long - 
362.57 days - its spectrum changing between M3 and M39. S Scl lies at a distance 
of 570 ly. 

The globular cluster NGC 288 can be found close to the South Galactic Pole 
though with an apparent magnitude of m, +8.1 it is not particularly east to find. 
It is quite widely dispersed with an apparent diameter of about 13’ and a compact 
core 3’ across. It is 29,000 ly away and has a diameter of about 109.7 ly. 


410 The Star Atlas Companion 


Magnitude 
+6 
+5 


+ +3 


+4 


+" 


0) 


Sculptor 
Apparent Magnitudes 


Distances 


a 


pe 


50 100 150 200 250 300 350 400 450 500 550 600 650 700 


Distance (ly) 


© Scl (B7) 


¢ Scl (B4) 
5 Do 
4.5Mo 
510ly 
Ry 15kmi/s 
Rp 16.9 days 


S Scl (M3-9) » € Scl (F2) 
27Do 1.5 Do 
3.5M5 1.37 Mo 

570ly 89.5 ly 


Scutum 


Constellation: Scutum Hemisphere: Southern 
Translation: The Shield Area: 109 deg” 
Genitive: Scuti % of sky: 0.264% 
Abbreviation: Sct Size ranking: 84th 


When Johannes Hevelius’ observatory burnt down in the late 17th Century, 
King John III Sobieski of Poland provided the funds for it to be rebuilt. 
Hevelius named this small constellation Sobieski’s Shield in his honor but it is 
now simply called the Shield. It has the Milky Way as a backdrop and contains 
a number of open clusters although most of these are optically poor and 
difficult to see. 


a Scuti is one of countless K-class stars that populate the Galaxy. In this case it is 
a K3 giant with a diameter estimated to be somewhere between 20 and 28 Do 
and with a mass of just 1.3 Mo. With a temperature of around 4,300 K it shines as 
a m, +3.85 star which may be variable between +3.81 and +3.87 but which 
probably isn’t. It rotates more slowly than the Sun - 1.8 km/s compared to 2.0 
km/s - and so takes a minimum of 562 days (1.5 years) up to a maximum of 787 
days (2.2 years) to complete a single rotation, depending on how big it really is. 

B Scuti is a spectroscopic double consisting of a 50 Do G4 with a mass of 
around 4.96 Mo and a B9.5 or possibly an AO class dwarf of about 3 Mo in an 834 
day (2.28 years) orbit that varies between 2.8 AU at periastron and 4.7 AU at 
apastron. The primary rotates once every 389 days, spinning at 6.5 km/s. 

y Scuti is possibly the smallest star in the constellation that we can see with 
the naked eye, but with a breakneck rotational velocity of 255 km/s it will be well 
and truly distorted. An Al with a temperature of 8,500 K it probably measures 1.6 
Do through the poles and 2 Do across the equator. A-class stars average 104 km/s 
with Als a bit lower at 100 km/s, so y Sct is rotating two-and-a-half times as fast 
as the average. Only about a dozen stars of the class have been observed to rotate 
faster. One of the effects of such a high rotational velocity is the Von Zeipel Effect 
in which the equatorial regions darken while the poles appear lighter and may 
contain bright hot spots. 

The most famous star in the constellation is 6 Scuti, the prototype for a class of 
short period pulsating variables. Lying some 187 ly away 6 Sct has a diameter of 3.8 
Do and mass of 2.01 Mo. An F2 (though sometimes considered to be an F3 or F4) 
its magnitude fluctuates between m, +4.60 and +4.79 with a period usually quoted 
as 4" 39™ 2° although chattering away in the background are a further five cycles 
ranging from 2" 16™ 48° to 20" 6™ 36°. Like 20% of naked eye 8 Scuti stars the 
prototype is not alone. A m, +12.2 K8 hangs around 870 AU away in a 15,000+ year 
orbit while a 0.9 Mj G7 dwarf seems to be in a 3,000 AU orbit that takes in excess 
of 85,000 years to complete a single journey around the primary. 5 Sct has the 
largest amplitude of its class, at least among the naked eye cases, at 0.19 magnitude 
matched only by p Puppis. The smallest amplitude, just 1/100th of a magnitude, is 
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displayed by o Serpentis and p Tauri. Although the first to be discovered 6 Sct is by 
no means the brightest of the class; that honor goes to Vega (B Lyrae). 

At m, +4.82 n Scuti seems just like a million other K2 giants except that it is 
hurtling through space at a rate of knots: 92.8 km/s. Currently 207 ly away and 
heading our way the 17 Do star should be in our neighborhood in about 669 
thousand years. 

No prizes for guessing that R Scuti is a variable star but what type of variable 
would be a good astropub quiz, if such places exist. It is in fact a rare naked eye 
RVa Tauri, probably the only example known. It appears to be a low mass 
Cepheid with a double variable period. The first period sees it change from a 
sometimes m, +4.20 to around +6.00 and back over a fairly well defined period of 
146.5 days. But then there is a 71 day cycle during which it drops below m, +8.0 
perhaps as a result of different layers expanding and contracting at different 
rates. Its parameters are difficult to define. It is known to be 1,406 ly away but its 
diameter has been estimated to be anywhere between 85 and 290 Do. Its 
spectrum changes from a G2 when its temperature is around 5,300 K through a 
KO to an M3 at 4,800 K. At 10 pc it would shine as a M, -5.4 star. 

There are a number of open clusters in Scutum although most are faint and 
difficult to see (see table). M11, the Wild Duck Cluster, is one of the richest and 
most compact with around 3,000 stars and certainly the easiest to spot at m, 
+6.3. Not so impressive is M26 although larger telescopes reveal what appears to 
be a region of few stars about 3’ from the center. This is likely to be due to 
interstellar dust obscuring the view. 


Open and globular clusters in Scutum 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
M11 14 24.4 6,000 250 HD 174512 86 +6.3 
(NGC 6705) my +8.55 
M26 
(NGC 6694) 15’ 21.8 5,000 89 HD 173348 11 +9.2 
my +9.17 
NGC 6631 6’ 14.8 8,480 ? No ID 5 +11.1 
my +10.68 
NGC 6649 11’ 16.6 5,200 36.8 DM-10° 4718 3 +8.9 
my +9.52 
NGC 6664 15’ 32.7. 7,500 14.5 EV Sct 18 +7.8 
my +9.17 
NGC 6683 17 19.3 3,900 10 No ID 20 +9.4 
my +10.57 
NGC 6704 7.6' 21.4 = 9,700 73 No ID 2 +9.2 
my +11.35 
NGC 6712 7.4’ 48.3 22,500 ? Globular cluster +8.1 


*May not be a cluster member. 


Serpens 


Constellation: Serpens Hemisphere: Equatorial 
Translation: The Serpent Area: 637 deg” 
Genitive: Serpentis % of sky: 1.544% 
Abbreviation: Ser Size ranking: 231d 


An ancient and unique constellation, Serpens depicts a serpent being held by 
Ophiuchus. The part of the constellation that contains the serpent’s head - 
Serpens Caput - lies to the west of Ophiuchus while the tail - Serpens Cauda - 
lies to the east making this the only constellation split in to two parts. 


For such an unusual constellation it is a pity that its luminary is so, well, usual 
« Serpentis or Unukalhai is a normal K2 giant: 11 Do across, a mass of 0.95 Mo, 
an apparent magnitude of my, +2.61 brightening to M, +1.1 at 10 pc and a 
temperature of 4,470 K. About 73 ly away it rotates once every 348 days, its 
rotational velocity being 1.6 km/s, slightly less than the Sun’s 2 km/s. 

B Serpentis is a binary consisting of an A2 and a K3 dwarf. The primary is my 
+3.64 with a mass of 2.37 Mo and a high rotational spin of 207 km/s, causing the 
star to spin once on its axis every 15.3 hours and distorting it into an oblate 
spheroid of about 1.8 x 2.6 Do. Its m, +9.96 companion is separated by 30.6” at 
PA 256°. Although a relatively wide double the fainter star is difficult to see 
against the brightness of the primary. The system lies at a distance of 153 ly and 
has a 75% chance of being a member of the Sirius Supercluster. 

The closest star in the constellation is y Serpentis at 36.3 ly. An F6 it is 40% 
larger than the Sun at 1.4 Do and has a mass of 1.25 Mo. Rotating at 8 km/s it 
spins once on its axis every 8.9 days. It is estimated to be between 1,600 and 
3,400 million years old. Optical aid will reveal a my, +3.64 companion, TYC 1496- 
2119-1, but this is simply a line of sight coincidence. 

5 Serpentis or Tsin is another binary but this time of nearly identical FO 
subgiants. The brighter of the two at about m, +4.23 has a diameter of 5 Do anda 
mass of 2.8 Mo, its luminosity coming in at 73 Lo. It is also a 6 Scuti variable with 
a period of 3" 12™ 58° during which it fades to m, +4.27 before returning to its 
higher value. Its my +5.2 companion is separated by 3.9” which, at a distance of 
210 ly, translates into 375 AU. A somewhat smaller, 3 Do, but similar mass star, 
2.6 Mo, its luminosity is only about a third that of the primary, 26 Lo, so its 
magnitude is a fainter my +5.20. They have similar rotational velocities of 73 and 
75 km/s and so have rotational periods of 3.5 days for the brighter star and 2 days 
for the fainter component. Their orbital period is about 3,200 years. The system 
is believed to be about 800 million years old 

A third binary, and one that is popular with aficionados of double stars, is 
@ Serpentis the components of which are even more closely matched 
6" Serpentis is a 1.7 Do, 1.9 Mo AS with a luminosity of 20 Lo and an apparent 
magnitude of m, +4.58. Its twin, 0? Serpentis, is a 1.4 Do, 1.8 Mo AS with a 
luminosity of 17 Lo and an apparent magnitude of m, +4.91. They both have 
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temperatures of 8,200 K but while 6’ Ser rotates at 143 km/s, 6” Ser spins at 196 
km/s leading to rotational periods of 14.4 hours and 8.7 hours respectively, 07 Ser 
being more oblate than its sister. They are usually described by observers as being 
yellow or white and are separated by 22.5” at PA 104°. In real space they average 
900 AU apart with an orbital period in excess of 14,000 years. 

i Serpentis is a solar analog that is relatively near at just 38.3 ly. Shining at 
m, +4.42 its absolute magnitude would barely change to M, +4.3, the star being 
close to the 10 pc standard distance for such calculations. Various attempts have 
been made at estimating the star’s diameter, averaging 1.12 Do, its mass 
reckoned to be about equal to that of the Sun but twice as luminous. A 
temperature of 6,000 K, indicative of a GO Main Sequence dwarf, A Ser rotates at 5 
km/s (Sun = 2 km/s) and so turns once every 11.3 days (Sun = 25 days). Its age is 
uncertain, lying in the range of 4,600 to 7,200 million years (Sun = 4,567 million 
years). It was believed to have a spectroscopic companion in a 5 year long orbit 
but this has now largely been discounted. 

The Mira variable R Serpentis is possibly the largest star in the constellation 
though exactly how big is anyone’s guess: estimates range from 50 to 380 Do! At 
its smallest diameter the star would be half the size of Mercury’s orbit while the 
larger size would put it mid-way between the orbit of Mars and that of the 
Asteroid Belt. For most of its 356.41 day cycle R Ser is invisible to the naked eye, 
fading to my +14.4 and only remaining above 6th magnitude for about a month. 
An M7 it is 570 ly away. 

A couple of the stars in Serpens appear to have brown dwarfs in orbit around 
them including an 18.1 M, and an as yet unconfirmed 42 Mj object (see table). 

Of the open and globular clusters in Serpens, M16 basically has two 
components. The cluster of young stars is cataloged as NGC 6611: the Eagle 
Nebula from which they formed is IC 4703. The open cluster was discovered first 
by Philippe Loys de Chéseaux in 1745 (more famous for his six-tailed comet) but 
the nebula’s discovery had to wait 19 years until another comet hunter, Charles 
Messier, cataloged it to avoid mistaking it for a comet. The stars in M16 are 
thought to be no more than 5.5 million years old. M5, on the other hand, is one 
of the oldest globulars at 13,000 million years old. Although there are thousands 
of stars in the region of Trumpler 32 few are members of the cluster. Of the 42 
that are brighter than m, +12 none has more than a 29% chance of being a 
cluster member. 
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Open and globular clusters in Serpens 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my magnitude 
yrs region* >+12* my 
IC 4756 92’ 42.3 1,580 500 HD 172365 181 +4.6 
+6.38 
M16 53.3’ 88.4 5,700 5.5 No ID 115 +6.0 
(NGC 6611) +8.01 
NGC 6604 13.3’ 23.2 6,000 6.5 MY Ser 15 +6.5 
+7.54 
Tr 32 51.5’ 83.9 5,600 300 No ID 42 +12 
+8.18 
M5 23’ 164 24,500 13,000 Globular cluster +5.6 
(NGC 5904) 
NGC 6535 3.6’ 23 22,000 ~=1,000 Globular cluster +10.5 
NGC 6539 3.5’ 37.7 27,000 5,000 Globular cluster +9.3 
*May not be a cluster member. 
Planetary systems in Serpens 
Star Do Spectral ly my Planet Minimum q Q P 
class mass 
HD 168443 1.63 G5 123.5 +6.92 HD 8.02 M, 0.14 0.46 58.1 d 
168443 b 
HD 18.1 M, 2.29 3.53 4.84 y 
168443 c 
HD 136118 1.74 F9 170.6 +6.94 HD 42M, 0.94 1.96 3.31ly 
unconfirmed 136118 b 
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Constellation: Sextans Hemisphere: Equatorial 
Translation: The Sextant Area: 314 deg” 
Genitive: Sextantis % of sky: 0.761% 
Abbreviation: Sex Size ranking: 47th 


A ‘filler’ constellation introduced by Johannes Hevelius in 1690 to mop up a few 
wayward stars. It consists of just five stars above the naked eye limit. 


a Sextantis is a barely noticeable m, +4.48 at 287 ly but would brighten to a 
very respectable M, -1.1 at 10 pc. About three and a half times the size of the Sun 
it is technically a giant, its full spectral classification of AO II giving the game 
away. It appears to have a rotational velocity of 21 km/s, well below the average 
110 km/s for the AO class, but this could just be due to the position of its 
rotational pole. If the pole is pointing towards the Earth then the star will appear 
to rotate more slowly than it actually does. With a temperature of 9,600 K anda 
luminosity of 102 Lo « Sex made the journey from the northern to the southern 
hemisphere in December 1923, the result of the Earth wobbling on its axis and 
causing the co-ordination grid of RA and Declination to appear to drift against 
the background stars. « Sex, like all the naked eye stars in the constellation, is 
drifting away from us: its radial velocity is 7.1 km/s. 

Not a great deal larger than the Sun at 1.5 Do B Sextantis is a hot Main 
Sequence B6 dwarf with a temperature of 14,000 K and a luminosity of 87 Lo 
Spinning at 80 km/s - half the average velocity for the class - it is an « CV 
rotating variable changing by a 10th of a magnitude between m, +5.0 and +5.1, 
though no one has quite worked out the period. It is the most distant star in the 
constellation lying 345 ly away, a distance that is increasing by 11.6 kilometers 
every second. 

y Sextantis is a binary and possibly a triple star system. The primary is a my 
+5.58 A2 of 2.8 Do and 2.3 Mo Its companion is a slightly dimmer my, +6.07 A4 
in a retrograde (anti-clockwise) orbit with a period of 28,320 days (77.5 years). A 
third star hangs out with the other two. An A2 of my +12.3 it is not clear whether 
it is a true member of the system. y Sex is 262 ly away and shines with a 
combined magnitude of my +5.11. 

At 300 ly, give or take 19 ly, 6 Sextantis shines at a constant my, +5.18, its 
luminosity estimated to be 58 Lo Its diameter is less well known at 1.8, 2.3 or 2.6 
Do depending on who you ask. With a rotational velocity of 152 km/s - a bit on 
the high side for a B9.5 and more in line with a B8 - its rotational period could be 
anywhere between 14.4 and 20.8 hours. Its mass is reckoned to be 2.68 Mo. 

The faintest naked eye star is also the closest. e Sextantis is a feeble my +5.25 
and 20 Lo. A pale yellowish F2 its diameter is 3.5 Do with its mass coming in at 
1.73 Mo. Spinning on its axis with a velocity of 63.5 km/s - just above the 
average of 59 km/s - its rotational period is about two and a half days. It lies 
183 ly away. 
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Constellation: Taurus Hemisphere: Equatorial 
Translation: The Bull Area: 797 deg” 
Genitive: Tauri % of sky: 1.932% 
Abbreviation: Tau Size ranking: 17th 


According to legend Zeus changed into a bull and carried off Princess Europa of 
Phoenicia. Although nearly all the constellation is in the Northern Hemisphere a 
tiny part of it crosses the Celestial Equator. It is one of the Zodiacal constellations 
through which the Sun passes between 14 May and 21 June. Taurus is a favorite 
among many observers as it contains two open and very prominent star clusters: 
the Pleiades and the Hyades. 


a Tauri is often simply referred to by its proper name, Aldebaran, which means 
‘The Follower’, presumably following the Pleiades. It marks the beginning of the 
famous V of the bull’s head, the open star cluster Hyades, although it is not part 
of it lying just 65.7 ly away, less than half the distance of the cluster itself. In 
illustrations of the animal, Aldebaran is usually depicted as the eye of the bull 
although it is a somewhat bloodshot eye being orange or even reddish-orange 
when close to the horizon. The 14th brightest star in the sky at m, +0.75 this K5 
giant is 45 times larger than the Sun and slightly variable, its pulsations causing 
it to dim to my, +0.95 without any real period. Despite its large size - half the 
diameter of Mercury’s orbit - Aldebaran has a mass of just 1.7 Mo. The latest 
measurements indicate that it rotates at the same velocity as the Sun, 2 km/s, and 
so takes 1,139 days (3.1 years) to turn just once on its axis. With a temperature of 
4,050 Ko Tau has a luminosity of 425 Lo and would brighten to M, -0.6 at 10 pc. 

The Hyades open cluster also has the catalog designations of Caldwell 41, 
Collinder 50 and Melotte 25. In mythology they were the daughters of Atlas and 
Aethra and the half sisters of the Pleiades. The 20 naked eye stars which make up 
the distinctive V shape (see table) measure about 3.5° across which, at a distance 
of 151 ly, corresponds to 9.2 ly. However the true cluster is much larger, perhaps 
up to 42° giving a diameter of 136 ly and containing up to 400 stars. Three of the 
stars — Aldebaran mentioned above, x Tauri and 75 Tauri - are not cluster 
members. The cluster is best observed through a good binocular or rich field 
telescope when, in theory at least, up to about 80 stars down to m, +12 can be 
seen in the V region and twice that number over an area of 8.5°. The Hyades 
appears to have a common origin with The Praesepe or Beehive cluster in Cancer, 
the two having been formed about 625 million years ago. During the intervening 
period the Hyades will have lost many of its stars as external gravitational 
influences tear away some of the outlying members while internal gravitational 
forces perturb some of the stars into new orbits ejecting them from the cluster. 
The whole cluster is moving towards a point just to the east of Betelgeuse. If you 
are into cryogenics then you may like to check out the area in 780,000 years 
time. 
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The 20 stars in the V-region of the Hyades to m, +5.5 


Star Other designation my, Star Other designation my 
or name or name 

a Tau*  Aldebaran +0.75 o* Tau +4.68 
8* Tau _— Phaesyla +3.35 m Tau* +4.69 
e Tau Ain +3.55 HD 28527 +4.78 
y Tau Elizabeth, Hyadum 1 —- $3.61 37 Tau +4.80 
8' Tau Eudora, Hyadum I +3.73 75 Tau* +4.97 
8'Tau — Phaeo +3.84 79 Tau +5.03 
90 Tau +4.27 o! Tau +5.07 
8? Tau V776 Tau, Cleeia +4.29 58 Tau V696 Tau +5.26 
71 Tau V777 Tau, Polyxo +4.73 83 Tau +5.43 
p Tau +4.90 81 Tau +5.48 


*Not a cluster member 


y Tauri, the third brightest of the true Hyades, is also known as Hyadum I, 
‘Hyadum the First Follower of the Pleiades’, and also as Elizabeth. But this is no 
Thin Lizzie having a diameter of 12.7 Do making it one of the larger stars in the 
cluster. A KO with a temperature of 4,900 K it appears to rotate at just 2 km/s, the 
same as our own Sun, which means that it takes almost a year - 321.4 days - to 
spin once on its axis. Yet something is amiss. It has a magnetically active outer 
layer which usually requires a much faster rotational velocity. It could be that we 
are looking at Elizabeth’s pole, which would give the impression of a slow spin, 
or it could just be that our knowledge of how stars work is not as complete as we 
sometimes think. 

The three 6 stars in the Hyades are a bit of a mixed bag. The brightest at my 
+3.76 is 5" Tauri, a KO giant of 13 Do weighing in at 2 Mo. 8? Tauri is actually 
the third brightest of the trio at my +4.79. About 1% times as big and twice as 
massive as the Sun this A7 rotates at 65 km/s and so has a rotational period of 1.1 
days. 8? Tauri is also known as V776 Tauri, a clear indication of its variability. 
Also an A-class star (A2) it belongs to the « CV group of rotating variables 
switching between an almost imperceptible my +4.29 to +4.32 and back over a 
period of 57.25 days. It is a little over twice the size and mass of the Sun but 
somewhat hotter at 8,900 K (Sun = 5,778 K). 

Another Hyades giant is the 14 Do ¢ Tauri, or Ain, which has a mass of 2 Mo is. 
A little farther away than the middle of the cluster at 155 ly some say it belongs 
to spectral class G9.5, others put it down as a KO. The difference is not enough to 
lose sleep over. Of more certainty however is the presence of a planet, the first 
ever to be discovered in an open cluster. At 7.6 M, this gaseous giant, known as ¢ 
Tau b, takes between 590 and 600 days (1.6 years) to orbit the star, getting as 
close as 1.64 AU and as far as 2.22 AU (about as far as Mars and the Asteroid Belt 
from the Sun). 

9' and 6 Tauri are binary systems, but not with each other. @'“ Tauri is the 
fainter of the two naked eye stars at my +3.84. It is a 10.3 De yellowish-orange KO 
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with a mass of 1.88 Mo and luminosity of 55 Lo. Its true companion, 6" Tauri, 
is probably an F8 dwarf of 1.2 Do and about twice as luminous as the Sun. 
Separated in the sky by 0.2” in real space they swing between 4.4 and 16 AU with 
an orbital period of 16.3 years. 0?“ Tauri is 5.6’ almost due south of 6“ Tau. 
About half a magnitude brighter it actually varies between my, +3.35 and +3.42 
with a period of 1" 48™ 55°, being a 6 Scuti-type pulsating variable. It is a 3.9 Do 
A7 burning at 7,760 K and having a luminosity of 75 Lo. It mass works out at 2.4 
Mo. Its spectroscopic companion, 678 Tauri, is an FO of 3 Dg and 1.8 Mo. It has 
a much lower luminosity of 19 Lo. Their orbital separation varies between 0.23 
and 1.3 AU, the orbital year taking 140.7 days to complete. While the 0’ pair lie 
between 152 and 164 ly the 6 pair are 144 to 154 ly away so, theoretically, the 
two binaries could be within 2 ly of one another. 

Another 6 Scuti variable in the Hyades is p Tauri. Slightly more rapid than 
Tau at 1" 36™ 295 it is a 1.5 Do A8 with a mass of 1.95 Mo and luminosity of 25 
Lo. It varies by just 1/100th of a magnitude from my, +4.90 to +4.91. Lying some 
153 ly away it is a rapid spinner, its 144 km/s resulting in a 12.7 hour rotational 
period. 

o' and o” Tauri, like 6’ and 6” Tauri, is a non-binary system, as far as we can 
tell. The brighter of the two, o” Tauri, is a m, +4.67 A5 dwarf, only 1.6 De but 
with a mass of 2.04 Mo. Rotating at 53 km/s it takes 36.7 hours to spin once on 
its axis. ot Tauri, an A4, is almost the same size at 1.7 Do and has a similar mass 
at 1.97 Mo. It has a spectroscopic companion of which very little is known for 
certain other than its orbital period of 38.95 days. o Tau lies between 145.8 and 
157.8 ly away while o” Tau is 153 to 165 ly away so the two stars could be very 
close neighbors near the center of the Hyades cluster. 

Of the remaining stars in the Hyades 58 Tau and 71 Tau are both 6 Scuti 
variables. 58 Tauri (V696 Tau) flickers between m, +5.22 and +5.28 with a 
period of 51™ 50°. An FO dwarf of 1.6 Do and 1.84 Mo it is approximately 154 ly 
away. 71 Tauri (V777 Tau) is a little farther away at 156 ly and has a period of 3" 
50™ 24° during which it changes from m, +4.73 to +4.75 and back. It is also an FO 
class dwarf of 1.3 Do and 2.08 Mo. The my, +4.98 K2 giant 75 Tauri is not a 
member of the Hyades lying behind the cluster at 194 ly, and nor is x Tauri, a 13 
Do G7 at 455 ly. Its magnitude is m, +4.69. 

Arguably the most impressive naked eye cluster in the entire sky, the Pleiades 
(M45) consists of 11 stars brighter than 6th magnitude and about 1,000 that are 
dimmer. Often called the Seven Sisters the cluster actually has nine stars that 
carry ancient names: the seven daughters Alcyone, Asterope, Celeano, Electra, 
Maia, Merope and Taygete together with their father Atlas and mother Pleione 
(see table). These bright stars are spread across slightly more than 1° of sky which 
equates to 8.4 ly. The closest is Celeano at 384.4 ly while the farthest is Pleione at 
437.3 ly, a spread of 53 ly. The entire cluster is thought to be 2.64’ or 19.2 ly 
across. The distances of the Pleiades have recently been reviewed following the 
discovery of errors in the Hipparcos data. The cluster contains a number of 
brown and white dwarfs and is believed to have a total mass of about 800 Mo. Its 
age is about 100 million years and in 250 million years from now the stars will be 
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so dispersed that they will not be recognizable as a cluster. Photographs of the 
Pleiades reveal the stars to be imbedded in a nebula that glows blue because of 
the color of the stars. In fact the Pleiades are not native to the nebula but are just 
passing through. 


The Pleiades down to m, +5.75 


Mag. Spec. Dist Do Mo RotVv 
Star Other mv Class ly km/s 
7 Tau Alcyone +2.86 B7 417.6 10 6 215 
27 Tau Atlas +3.62 to +3.64 B8 430.5 2.7 5S 212 
17 Tau Electra +3.69 B6 420.5 6 5 170 
20 Tau Maia +3.86 B8 409.9 55 42 24 
23 Tau Merope, V971 Tau +4.18 to+4.19 B7 409.1 43 4.5 280 
19 Tau Taygete +4.29 B6 422.6 45 4.5 123 
28 Tau Pleione, BU Tau +4.77 to +5.50 B8 437.3 3.2 3.4 329 
HD 23753 +5.44 B9 388.2 3 
16 Tau Celeano +5.45 B7 384.4 3 3.7 200 
18 Tau HD 23324 +5.64 B8 417.6 3 3.1 
21 Tau Asterope +5.75 B8 436.8 2.2 205 


The brightest of the Pleiades is the my +2.86 n Tauri or Alcyone. At 417.6 ly it 
is less than 7 ly from the center of the visible cluster (410.9 ly) and is by far the 
largest of the naked eye Pleiades at 10 Do and 6 Mo. Alcyone is a binary, the two 
components separated by about 3.2 AU. The smallest of the Pleiades is Asterope, 
2.2 Do, which is also one of the farthest at 436.8 ly. Pleione is also known as BU 
Tauri signifying its changing brightness. A y Cas eruptive variable its magnitude 
swings between my, +4.77 and +5.50. It has a companion at an average distance of 
28 AU, the orbital period being 35 years. It is not the only naked eye variable in 
the cluster. Merope, V971 Tauri, has an amplitude of just 1/100th of a 
magnitude, my, +4.18 to +4.19, and belongs to the B Cepheid class of pulsating 
variables. Atlas (27 Tauri), the daddy of them all, is a rather modest 2.7 De B8 
and is variable between my, +3.62 and +3.64. Atlas hides a secret (apart from his 
Hyades daughters): a long period spectroscopic companion which lies an average 
52 AU from the primary and which takes 150 years to complete a single orbit. 
Atlas is also a Be emission star, its 212 km/s rotational velocity throwing matter 
into space. Electra, 17 Tauri, also has a companion but in a tight 0.8 AU orbit 
that takes 100.5 days to complete. Celeano’s (16 Tauri) binary is also in a small 
orbit of less than 1 AU. An A3 it has a period of 176 days. Taygete (19 Tauri) is in 
a 3.2 year orbit with a B9 of 3.2 Do. They are separated by an average 4.6 AU. 

Away from the Hyades and the Pleiades B Tauri is another hot bluish star 
with a temperature of 13,600 K. Relatively close at 131 ly its apparent magnitude 
is my +1.68, its absolute magnitude easy to work out - just change the sign and 
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drop the last digit: My -1.6. With a diameter of 4.2 Do and a mass of 4.1 Mo B Tau 
looks like a 278 Lo but, taking into account that much of its energy is radiated in 
the ultraviolet, the figure shoots up to 700 Lo. Its rotational period is 2.8 days, 
the rotational velocity being 75 km/s. It is unusual and important in a couple of 
respects. First, on celestial charts it is traditionally tied to 1 Aurigae to the north 
west and @ Aurigae to the north east, one of the few ‘link’ stars in the entire sky 
(others include « Andromedae with Pegasus and & and wu Serpentis with 
Ophiuchus). Second, it is only about 3° from the galactic anticenter; the point 
on the celestial sphere that lies directly opposite the galactic center. Half as close 
again to the anticenter is 136 Tauri, a 2.1 Do AO that spins at a more leisurely 
15 km/s leading to a rotational period of 7.1 days. 136 Tau has a magnitude of m, 
+4.54 and is accompanied by a spectroscopic companion in a 5.97 day long orbit. 
¢ Tauri is a y Cas eruptive variable. Over a period of 132¢ 23" 22™ it fades 
from my +2.88 to +3.17 and back. A B2, possibly a B4, it is thought to be 5.5 Do 
across though it may be as little as 3.7 Do pole to pole due to its rapid rotational 
velocity of 241 km/s. A second consequence of its high spin rate is the creation of 
a Shell of dust around the star up to a distance of 89 million km (0.6 AU). Now 25 
million years old this 8.9 Mo Be ‘emission’ star burns with a surface temperature 
of 21,150 K and has a luminosity of 12,700 Lo although 93% of the output is in 
the ultraviolet. It is not alone. An invisible companion orbits the star at a 
distance of 1 AU with a period of 133 days, and no doubt plays a role in its 
variability. Situated some 417 ly away ¢ Tau would brighten to M, -3 at 10 pc. 

X Tauri is also a variable, this time of the Algol variety. Lying 370 ly from 
Earth the star is actually a triple system. The primary is a 6.3 Do, 7.2 Mo B3 
which rotates at 50 km/s. The secondary is a 4.8 Do, 1.9 Mo A4. As the two stars 
orbit their barycenter 4 Tau changes from m, +3.30 to +3.80 before brightening 
again over a period of 34 22" 52™. The B3 star is apparently more than 3% times 
more luminous than its A4 mate (456 Lo and 128 Lo) but taking into account 
that most of its output is in the ultraviolet the total luminosity is about 5,050 Lo. 
Somewhere in the system is a KO of 0.7 Mo. Never straying more than about 0.4 
AU from the primary it takes 33 days to circle the main star. The triplet is about 
100 million years old and at 10 pc would be a brilliant M, -S. 

§ Tauri is a complex quadruple system. To the naked eye the star looks like a 
single point of light with a magnitude of m, +3.72 but most of this is due to two 
nearly identical B9 dwarfs of my, +4.52 each. With diameters of 1.8 Do and 
masses of 3.1 Mo each the twins are separated by just 0.13 AU (19.5 million km) 
giving an orbital period of 7.15 days. The third component is a B8, a bit larger at 
2.1 De but with a lot more mass: 5.5 Mo. It averages 1.1 AU from the twins and 
has an orbital period of 145 days. The fourth player is a m, +7.58 F5 dwarf of 1.24 
Mo. It is at least 50 AU from the inner three and takes 212 years to complete a 
single orbit. € Tau is 222 ly away. 

t Tauri is a deceptive binary. Appearing as a Sth magnitude single star to the 
naked eye optical aid will reveal a m, +7.15 star 63” to the south-west. 
Designated HD 284659 this is merely a line of sight coincidence, the AO star 
lying at a distance of 259 ly. t Tau - the name is almost poetic - is much farther 


432 The Star Atlas Companion 


away at 401 ly. A B3 its diameter has proven devilishly difficult to determine with 
1.1, 2.4, 3.2, 3.9 and 4.71 Do quoted in the literature. Its rotational velocity is 
just as elusive ranging from 100 to 187 km/s, so its rotational period could be as 
short as 7.1 hours or as long as 2.4 days. Its true companion is a spectroscopic 
binary in a 2.96 day long orbit. t Tau is a 6 Scuti pulsating variable, which may 
help to explain the confusion over its diameter, its magnitude shifting between 
my, +5.09 and +5.13 with a period of 1" 0™ 29°. 

CE Tauri is an extremely large star but no one is really sure how big it is. 
Estimates range from ‘just’ 240 Do to 800 Do although 540 Do seems to be 
closer to the mark. Its distance is just as perplexing: it could be as close as 1,300 ly 
or as far as 2,530 ly. With a probable mass of around 14 Mo and luminosity of 
47,000 Lo, most of it in the infrared, this cool (3,700 K) M2 supergiant is also a 
semi-regular pulsating variable with a period of around 165 days during which is 
magnitude varies between m, +4.23 and +4.54. The rotational velocities of red 
supergiants are not particularly well documented but if we assume it rotates at 
the same velocity as the Sun, 2 km/s, and it is 540 Do across then its rotational 
period is 37.4 years which would increase to 55.4 years at 800 Do. At 10 pc it 
would be an impressive M, -4.8 blood red beacon. 

Too faint to be included in this book, but too important to leave out, T Tauri is 
a very young variable star that marks an important early stage in stellar evolution. 
Varying irregularly between my, +9.3 and +14 T Tau is perhaps as young as 1 
million years old and is a pre-Main Sequence star with a mass of less than 2 Mo. T 
Tauri-type stars are thought to still be in the process of contracting, accreting 
material from the surrounding nebula. They tend to be 100 thousand to 100 
million years old and have masses of 0.5 to 3.0 Mo. They are surrounded by hot, 
dense clouds that are heated by ferocious stellar winds pouring away from the star 
at a typical speed of 100 km/s. It is believed that T Tauri stars have significant 
starspots that help to drive the wind. The cores of T Tauri stars are too cool to 
cause hydrogen to fuse into helium so they shine because of the gravitational 
energy generated as the star collapses. As a result they are over-luminous for their 
mass and temperature. T Tauri itself illuminates NGC 1555 which, because it 
brightens and fades with the star, is known as Hind’s Variable Nebula. A second 
recorded nebula, NGC 1554, appears to have disappeared and is often referred to 
as Struve’s Lost Nebula. The star is believed to be a binary and possibly a triplet. 

At first glance 104 Tauri could almost be a mirror image of our own Sun. It is 
nearly the same size and mass, rotates at the same speed, has a temperature of 
5,880 K and is only a couple of notches farther along the spectral sequence at G4 
(the Sun’s a G2). A closer look, however, reveals a few differences. It is more than 
twice as luminous, 2.2 Lo, and twice as old at 9,700 million years. And there are 
twice as many. Twice as many what? Twice as many stars. 104 Tau is a binary 
system of identical yellow dwarfs. The orbit is not well determined but the period 
is thought to be 1.19 or 2.38 years, the two stars possibly averaging 2.8 AU apart. 
Their individual magnitudes are my +5.7 each but combined and viewed from 51 
ly they appear as a single star of m, +4.92. At 10 pc they would brighten only 
marginally to my +4.5. 
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104 Tau is not the closest naked eye star in the constellation. 111 Tauri, a 1.3 
Do, 1.15 Mo F8 lies at a distance of 47.8 ly. Dark starspots are believed to be the 
cause of the star’s changing magnitude. Classed as a BY Draconis variable its 
magnitude ranges from my +4.98 to +5.02. Closer still at 44.8 ly is 10 Tauri, a 
1.1 Do, 1.25 Mo FY. 

HD 285968 is an M-class dwarf with a diameter a little over half the size of the 
Sun (738,000 km). Initially astronomers thought they had discovered a 24.5 Me 
planet in a 10.24 day long orbit but further research suggests the planet is less 
massive, 7.8 Mg, and in an 8.78 day orbit (see table). 


Planetary systems in Taurus 


Star Do Spectral ly my, Planet Minimum q Q P 
class mass 

e Tau 13.7, KO 147 +3.53 «Taub 76M, 1.64 2.22 1.62y 

HD 0.53 M2.5 30.7 +9.97 HD 7.8Me 0.066 0.066 8.78d 

285968 285968 b 


Taurus is the home of the very first object to be cataloged by Charles Messier: 
M1 the Crab Nebula, a supernova remnant some 6,300 ly away. Now at my, +8.4 
the supernova reached my, -6 in July AD 1054. It was visible in daylight for 23 
days and was a naked eye object in the night sky for 653 days (1.79 years). It was 
recorded by sky watchers in north and central America, China, Korea, Japan and 
the Middle East but there are no surviving accounts from Europe. In the 1970s 
those who studied the Crab Nebula would often claim that there were two types 
of astronomy: the astronomy of the Crab and the astronomy of everything else. 
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Constellation: Telescopium Hemisphere: Southern 
Translation: The Telescope Area: 252 deg” 
Genitive: Telescopii % of sky: 0.611% 
Abbreviation: Tel Size ranking: 57th 


Another faint and obscure constellation invented by La Caille. 


The brightest star in the constellation is, perhaps not surprisingly, « Telescopii, 
a my +3.45 B3 sub-giant of 5.8 Do and with a mass of 5.18 Mo. It appears to be a 
slow spinner. The average rotational velocity for stars of this class is 140 km/s but 
a« Tel saunters along at just 35 km/s. But it may be deceiving us. If its pole is 
pointed in our direction then it will give the impression that the star is turning 
more slowly than it really is. From a distance of 249 ly its 18,400 K surface has a 
luminosity of 200 Lo which shoots up to 900 Lo when we take into 
consideration that most of its output is in the ultraviolet. At 10 pc it would be 
a more impressive M, -3. 

There are no £, y or 6 Telescopii. What was called B Telescopii is actually n 
Sagittarii. Similarly y Telescopii is now G Scorpii and @ Telescopii is 45 
Ophiuchi. 

5' and 8” Telescopii are a well matched pair. 5* Telescopii is a m, +4.91 B6 of 
2.2 Deg and 525 Lo. At 10 pc it would be M, -1.3 and it is moving away from us at 
7 km/s. It has a spectroscopic companion in an 18.85 day long orbit. 5? 
Telescopii is a my +5.06 B3 of 2.1 Do and 900 Lo. At 10 pc it would be M, -1.6 
and it is receding at 7.6 km/s. It also has a spectroscopic companion in a 21.71 
day long orbit. While this may appear to be the perfect arrangement things are 
not as straightforward as they seem. 6’ Tel is 672 to 920 ly away while 8? Tel is 
884 to 1,350 ly. This could mean that the two 6 stars are very close neighbors but 
it could also mean that 57 is twice the distance of 5'. We just don’t know. 

Of the 15 naked eye stars in the constellation almost a third belong to the K 
spectral class including ¢ Telescopii, a 13 Do KO giant some 409 ly from Earth; 
t Telescopii, 15 Do and 398 ly; ¢ Telescopii, 13 Do and the closest at 127 ly 
and HD 169405, 9 Do and the farthest at 529 ly. 

€ Telescopii is the largest and most distant of the naked eye stars. Only just 
a red giant, an M1, it is 35 Do across and lies at a distance of 1,254 + 272 ly. It 
is almost spot on 5th magnitude, m, +4.93, and has an absolute magnitude of 
M, -0.5. 

NGC 6584 is a globular cluster 43,700 ly away and 22,800 ly from the galactic 
center. A m, +8.27 object it appears 9.4’ across which equates to 199.5 ly. 
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Constellation: Triangulum Hemisphere: Northern 
Translation: The Triangle Area: 132 deg” 
Genitive: Trianguli % of sky: 0.320% 
Abbreviation: Tri Size ranking: 78th 


An ancient constellation that has been associated with the island of Sicily, the 
Nile delta and, well, a triangle. It contains only a dozen naked eye stars. 


Lying 64.1 ly from Earth « Trianguli is a 2.8 Do rotating ellipsoidal binary. An 
F5 with a mass of 1.57 Mo and luminosity of 13.5 Lo its temperature is 6,300 K 
and it rotates at 82 km/s taking 1.74 days to turn on its axis. Its spectroscopic 
companion is locked in a gravitational embrace that sees it orbit the primary 
with a period of also 1.74 days, the orbital arrangement causing « Tri’s 
magnitude to change between my +3.52 and +3.53 making it the second 
brightest star in the constellation. The two stars are so close together, probably 
less than 0.04 AU (5.98 million km), that they distort one another into teardrops. 
Not particularly old by solar standards, 2,700 million years, « Tri is well past 
middle age for its mass. The system is heading towards us at 16.2 km/s. 

The brightest star, B Trianguli, is also a spectroscopic binary. The primary is 
a 4.6 Do, 2.5 Mo AS with a temperature of 7,940 K which rotates once every 3.3 
days, its rotational velocity being, as far as we can tell, 70 km/s. Its magnitude is 
spot on m, +3.00 and unvarying. Virtually nothing is known about its 
companion other than its orbit brings the two stars as close as 0.17 AU (25.4 
million km) and pushes them as far apart as 0.42 AU (62.8 million km) with an 
orbital period of 31.39 days. The whole system is enveloped in a dusty disk, 
testament to the fact that the system is still quite young at 590 million years. 

y Trianguli along with 5 Trianguli and 7 Trianguli make a neat little triangle of 
their own, although they are not related. y Trianguli is a white hot, 9,330 K, Al 
of 2.4 Do and 2.32 Mo lying 118 ly away. Some 26.5 Lo it shines exactly m, 
+4.00, brightening to an absolute magnitude of My +0.6. It is only about 200 
million years old and still retains its youthful speed, spinning at 254 km/s and 
taking just half a day to complete a single turn. Almost due north is the second 
star in the trio, the Sun-like 6 Trianguli. Solar analogs always stir the 
imagination but this one is particularly intriguing because it is not one but 
two suns. The primary has an apparent magnitude of m, +4.87 which, because it 
is almost 10 pc away (actually 34.5 ly), only brightens very slightly to absolute 
magnitude of M, +4.80. In reality its magnitude is m, +5.2 but the presence of a 
m, +6.5 companion makes it appear brighter than it really is. Its diameter is 
thought to be 0.98 Do and it is believed to have a mass of 1.0 Mo and luminosity 
of 1.07 Lo. Being a GO.5 it is only 120 K warmer than the Sun at 5,900 K but spins 
five times faster at 10 km/s, rotating once every 5 days. Its companion lies at the 
other end of the spectral class, a G9, and is a few hundred degrees cooler at 5,300 
K. More yellowish-orange it is much smaller at 0.64 Do and slightly less massive, 
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0.8 Mo, and considerably less luminous at 0.3 Lo. The orbit varies between 0.104 
and 0.108 AU (15.6 million km to 16.2 million km) with a period of 10.0201 
days. The third naked eye star in the arrangement is 7 Trianguli. In many ways 
it is like y Tri. It is an AO, has a diameter of 2.2 Do and 2.48 Mo although it is 
twice as luminous at 52 Lo and more than twice the distance, measured at 293 ly. 
It can be found almost south west of y Tri twinkling at my, +5.25. 

The 5th magnitude 1 Trianguli is a complex system of four stars, one pair 
being an ellipsoidal variable while the other is an eruptive variable. The main star 
is another G-class, this time a GO but much larger than the Sun at 13 Do and 
with a mass of 2.7 Mo and luminosity of 61 Lo. Its companion is an F6 dwarf of 
2.3 Mo and half the luminosity at 32 L,. Separated by 3.8”, equivalent to just 0.2 
AU (29.9 million km), the two have an orbital period of 14.732 days. The 
presence of the second star regularly disrupts the primary’s gravitational field 
leading to eruptions so the system is classed as an RS CVn variable. The second 
pair consist of mid-F-class stars of 1.7 and 1.5 Do and 18 and 9 Lo. They have an 
orbital period of 2.24 days and are so close, a mere 0.05 AU (7.5 million km), that 
they are distorted into teardrops. As they revolve around one another their 
magnitude also varies. This pair orbit the other pair at a distance of 355 AU and 
with a period of 2,465 years. The combined result is that 6 Tri appears to vary 
between m, +5.19 and +5.98 with a period of 14° 17" 34.1™ and so also has the 
designation of TZ Trianguli (and is also known as 6 Trianguli). The two sets 
of binaries are often described as being blue and yellow. Just to make matters 
even more interesting 1 Tri was once part of a smaller triangle called Triangulum 
Minus which it made up with 10 Trianguli, a 1.7 Do A2 some 350 ly away, and 
12 Trianguli, a 2.3 Do FO at a distance of 155 ly. 10 and 12 Tri are both my, 
+5.29. The Triangulum Minus was introduced by Johannes Hevelius who 
renamed the original triangle Triangulum Majus. 

Triangulum is also home to the Local Group galaxy M33, also known as the 
Pinwheel Galaxy, which although somewhat smaller than both the Andromeda 
Galaxy (M31) and our Milky Way is probably near average size for spiral galaxies 
overall. From our viewpoint the galaxy is seen face-on, enabling one to trace out 
the loosely wound spiral arms. 


Triangulum Australe 


Constellation: Triangulum Australe Hemisphere: Southern 
Translation: The Southern Triangle Area: 110 deg” 
Genitive: Trianguli Australis % of sky: 0.267% 
Abbreviation: TrA Size ranking: 83rd 


Introduced by Pieter Keyser and Frederick de Houtman, Triangulum Australe is 
smaller than its northern counterpart but its stars are brighter. 


a Trianguli Australis also goes by the name of Atria being made up of ‘A’ for 
Alpha and ‘tria’ as in triangle. A my +1.92 K2 giant of 37 Dog it lies at a distance of 
415 ly and has a luminosity of 2,286 L.. It is considered to be quite young, about 
45 million years old, and would appear at M, -0.1 at 10 pc. 

About 127 ly away B Trianguli Australis is a 1.5 D> F1 dwarf weighing in a 
1.71 Mo. An apparent magnitude of m, +2.82, brightening marginally to an 
absolute M, +2.4 this 9.2 Lo star burns at 7,400 K and has a rotational velocity of 
92 km/s turning once in less than 20 hours. 

The third star that makes up the shape of the triangle, y Trianguli 
Australis, is not a variable despite often being listed as such. It shines at a 
steady m, +2.85 from its home 183 ly away. Two and a half times the size of the 
Sun with a mass of 2.96 Mg it is an Al with a surface temperature of 8,900 K and 
a luminosity of 220 Lo. A fast spinner, it completes a single rotation in 13.5 
hours rotating at 225 km/s. It appears to be surrounded by a debris disk. 

Parked almost midway between £8 and y is the m, +4.11 ¢ Trianguli 
Australis. A K1.5 giant of 17 Do and 1.5 Mo it is 216 ly away and has a 
temperature of 4,470 K. 

With a temperature of 4,800 K, k Trianguli Australis is 1,000 K cooler than 
our own Sun and is classed as a GS, three grades down from the G2 star around 
which the Earth orbits. Twinkling away at an almost unnoticed my, +5.10 it could 
well be another close solar analog until we start to look at the other 
measurements. Its distance is the dead giveaway: 3,000 ly. Its luminosity comes 
in at 6,220 Lo. And then its absolute magnitude jumps to a stunning M, -6.2 at 
10 pc. We’re dealing not with a dwarf yellow but a supergiant some 290 Do 
across. Placed at the center of our Solar System « TrA would engulf Mercury, 
Venus and the Earth, while Mars would just skim its surface (although, in reality, 
the planet would get sucked into the star). It is big enough to hold more than 24 
million Suns. And it is a relatively slow spinner with a rotational velocity of 8.7 
km/s which means that it takes 1,687 days - 4.6 years — to rotate just once. 
Impressive though they are, supergiants burn out in just a few million years. 

6 Trianguli Australis is another impressive G2. Not quite as big as « TrA it is 
still 43 Do which translates to 0.4 AU or 59.8 million km (about half the size of 
Mercury’s orbit). Shining at a steady m, +3.85 it reaches My, -2.1 at 10 pc, its 
luminosity being 850 Lo. It is somewhere between 555 and 685 ly away. 

Although it is an F-class star C Trianguli Australis is pretty close to our Sun, 
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in more ways than one. Just 39.5 ly away it has an apparent magnitude of m, 
+4.91 which increases by only half a mag to an absolute M, +4.40, the standard 
distance of 10 pc equaling 32.6 ly. Usually listed as an F9 some authorities regard 
it as a GO, its diameter being, as far as we can tell, the same as the Sun and with 
only slightly more mass, 1.14 Mo, and luminosity, 1.29 Lo. It even rotates at the 
same speed as the Sun, 2 km/s, and is only a couple of hundred Kelvin hotter at 
6,030 K. So almost a perfect match. Almost, but not quite. There is one big 
difference: it has a companion - an invisible spectroscopic component with a 
mass of just 0.09 Mo in an almost circular 12.98 day orbit of 1.32 million km. 
The secondary, which is probably a G1, distorts the magnetic field of the primary 
resulting in high levels of chromospheric activity. 

Similar in some ways to ¢ TrA is 1 Trianguli Australis. Just visible to the 
unaided eye at my +5.29 it lies at the other end of the spectral class as an F4. 
About 1.6 Do and with a mass of 1.72 Mo it is ten times more luminous than the 
Sun and rotates at 13 km/s leading to a rotational period of 6.2 days. It also has a 
spectroscopic companion which is probably an F5 in a 39.89 day long orbit 
although little else is known about it. The system is 132 ly distant. 

NGC 6025 is an open cluster 2,500 ly away and about 17 ly across. Estimated 
to be 77.5 million years old it appears to contain about 74 stars brighter than m, 
+12 although some are probably not cluster members. The cluster straddles the 
border with Norma. 


Tucana 


Constellation: Tucana Hemisphere: Southern 
Translation: The Toucan Area: 295 deg” 
Genitive: Tucanae % of sky: 0.715% 
Abbreviation: Tuc Size ranking: 48th 


Another constellation invented by the explorers Pieter Keyser and Frederick de 
Houtman, Tucana is home to the Small Magellanic Cloud (SMC), a small galaxy 
200,000 ly away. 


The my +2.85 luminary « Tucanae is a 28 Do K3 giant with a mass of 2.5 Mo. Just 
one light year short of 200 ly, this cool 4,300 K star is 220 times more luminous 
than the Sun but rotates at just about the same speed: 1.9 km/s (Sun = 2 km/s). 
Consequently is takes 746 days - almost exactly 2 years - to spin just once on its 
axis. It has a spectroscopic companion in a 4,197.7 day long orbit (11.5 years). 

B Tucanae is a six star complex although there is some uncertainty as to the 
exact relationships between the components. To the naked eye there are two 
stars: a my +3.70 B? Tucanae and a m, +4.49 B* Tucanae which lies 9’ roughly 
to the south east (PA 116°). A small telescope or binocular will reveal Bp? 
Tucanae 27” from 8! Tuc at PA 169°. All three stars are binary systems with the 
components identified as B'“, B’8, B74, B78, B°“ and B*2. 

B'“ Tuc is a m, +4.29 B9 of 1.74 Dg with a mass of 2.5 Mo. Its 10,900 K surface 
has a luminosity of 29 Lo and it rotates at 107 km/s making a full turn in 19.8 
hours. Just 2.4” away is its binary companion B'® Tuc: a red dwarf, possibly an 
M3, with a magnitude of m, +13.5. The two are separated by an average 110 AU 
and take 504 years to orbit their common center of gravity. 

B74 Tuc is a m, +4.08 A2 of 1.8 Do with a mass of 2.76 Mo. Its 9,100 K surface 
has a luminosity of 17 Lo. Less than half an arc second away (0.404”) is its binary 
companion §”® Tuc: a pre-Main Sequence white dwarf, an A7, of 1.5 Do, 1.94 Mo 
and 8 Lo, with a magnitude of m, +6.0. The two are in a 44.66 year long orbit 
during which they come as close as 3.3 AU to one another before separating to 30 
AU at apastron. The f? pair are in orbit with the 8! pair at an average distance of 
1,160 AU and with an orbital period of 13,109 years. 

B° Tuc is more problematic and opinion is divided as to whether B° is a binary 
or single with the evidence pointing towards a pair of stars. B°“ Tuc is a my +5.06 
AO of 1.9 De with a mass of 3.2 Mo. Its 10,000 K surface has a luminosity of 17 
Lo. Its companion, if it exists, is likely to be identical and at least one authority 
has calculated the orbital period to be 3.492 years. B° is in orbit around the B! + 
B* combination with a period of at least 905,000 years. The entire system is about 
145 ly away. 

¢ Tucanae is a Sun-like star just 28 ly away. Almost as big and as massive as 
the Sun, 0.95 Do, 0.91 Mo, it is about 20% more luminous at 1.22 Lo. An F9.5, 
possibly a GO, it has a surface temperature of 5,970 K and appears as a m, +4.23 
point of light which would only brighten to M, +5.0 at 10 pc, the star lying close 
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to the 32.6 ly used to calculate absolute magnitude. Spinning at 2.3 km/s it takes 
almost 21 days to rotate once, beating the Sun by 4 days. It is somewhat younger 
than the 4,567 million years of our own star and is estimated to be between 2,100 
and 3,000 million years old. There are indications of a debris disk orbiting the 
¢ Tuc but, as yet, no planets have been detected. 

« Tucanae is a five star system 66.6 ly away. «“* Tucanae is an F6 of 1.25 Mo. 
With a luminosity of 3.54 Lo and temperature of 6,600 K it takes only 12 hours to 
rotate once on its axis, its rotational velocity being an unusually high 111 km/s, 
almost four times greater than the average for its class. The result is a somewhat 
oblate star, its equator a bulging 1.1 Do while its polar length is probably about 
0.8 Do. Its magnitude is my +5.10 but is brightened to my +4.95 by the presence 
of a 0.77 Mo astrometric companion, x“? Tucanae, which is probably an F5. 
Just 4.92” away is the my +7.30 «® Tucanae, a G5 of 0.9 Mo. The two are locked 
in an 857 year long orbit. About 5.3’ to the north west in an unstable 252,600 
year orbit around x*- «® is a pair of orange dwarfs, «@* and x©. «© Tucanae is a 
my, +8.26, 1.07 Do K2 of 0.74 solar mass. Its binary companion, «© Tucanae, is 
separated by 1.12”. A K2 of 0.65 Mo it has an orbital period of 86.2 years. 

Also at 66.8 ly distant, though at the opposite end of the constellation, is the 
very close solar analog HD 212330. Shining at my +5.32 this G2 is 1.0 Do across 
and 1.1 Mo. It is younger than the Sun at 5,440 million years and subsequently is 
more luminous at 2.53 Lo. It rotates at just about the same speed as the Sun, 1.8 
km/s, and has a surface temperature of 5,750 K. As yet no planets have been found. 

Not much farther away is y Tucanae at 71.8 ly. An F4 with a diameter of 2.2 
Do and a mass of 1.58 Mo the 10 Lo gives rise to a my +3.99 star that would have 
an absolute magnitude of M, +0.6. Another high velocity spinner at 94 km/s it 
turns once every 27.3 hours. 

v Tucanae is a red giant variable of 43 Do and lying at a distance of 273 ly. An 
M4 it belongs to the Lb pulsating category and has a complex series of at least 10 
variable periods: 22.3, 24.4, 24.8, 25.1, 25.5, 33.8, 50.6, 80.1, 123.2 and 261.8 
days during which its magnitude swings between m, +4.75 and +4.93. Big 
enough to swallow more than 79,500 Suns it appears as a 59 Lo star but given 
that most of its energy is radiated in the infrared the true luminosity is in the 
order of 600 Lo. 

NGC 290 is not a particularly bright object and difficult to see clearly with a 
small telescope. The globular cluster NGC 104 is one of the brightest in the sky 
though at least a 4” (10 cm) telescope is needed to fully appreciate it. It is also 
known as 47 Tucanae. 


Open and globular clusters in Tucana 


Name Size Size Distance Apparent Notes 

arc min ly ly magnitude m, 
NGC 290 — 1.1’ 65 200,000 +11.7 Open cluster 
NGC 104 = 30.9’ 120 13,400 +4.0 Globular cluster 


NGC 362 12.9’ 104 27,700 +6.6 Globular cluster 
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Constellation: Ursa Major Hemisphere: Northern 
Translation: The Great Bear Area: 1,280 deg” 
Genitive: Ursae Majoris % of sky: 3.103% 
Abbreviation: UMa Size ranking: 3rd 


One of the best known constellations in the Northern Hemisphere the Great Bear 
is associated with several legends. Most people are familiar with the seven bright 
stars that make up the Big Dipper, Plow or Saucepan but the constellation is far 
more extensive making it the third largest in the sky. 


« Ursae Majoris, Dubhe, is the farthest of the seven Plow stars at 124 ly, give or 
take 2 ly, and does not belong to the group of five stars that make up the inner 
part of the Plow. A distinct orange, indicative of its KO spectral class, it is 14 Do 
across and rotates at just 1.6 km/s taking 443 days - 1.2 years - to turn once on its 
axis. Its mass comes in at 4 Mo. « UMa appears as a my +1.79 star but its real 
apparent magnitude is m, +2.02, its brightness being bolstered by the presence of 
three other companions. The closest of these at 0.58”, 23 AU, is o® UMa, an FO 
class of 1.7 Mo. It takes 44.4 years to orbit the primary. Somewhat farther away at 
4.7' or 9,500 AU is a“ UMa, a 1.18 Mo FS. Its orbital period is estimated to be 
405,000 years around a and «® UMa. «@* UMa is a close binary, its partner, «°° 
UMa, another F-class of 0.37 Mo and in an orbit that takes only 6.04 days to go 
full circle. 

Merak, B Ursae Majoris, is a much simpler star. Some 2.3 Do across and with 
a rotational period of 2.5 days - it spins at 46 km/s - B UMa is a typical Al with a 
surface temperature of 8,900 K and a luminosity of 55 Lo resulting in a my +2.35 
star twinkling at us from its home 79.4 ly away. Possibly variable by 5/100th of a 
magnitude it is listed as NSV 5053 in the Newly Suspected Variable catalog. Its 
mass is about 2.28 Mo and it is surrounded by a disk of dust stretching out to 
about 9 AU. As yet, no planets have been found. 

At first glance y Ursae Majoris, Phecda or Phad, is another ordinary, hot 
9,500 K AO. Its mass is 2.5 Mo and its diameter is 2.3 Do. But its rotational 
velocity is 178 km/s, about 70 km faster than the average AO, and so it takes just 
15.7 hours to turn once. More interestingly though is that it is one of only about 
100 Ae stars: A-class stars that are encircled by a swirling cloud of gas. With a 
luminosity of 59 Lo and apparent magnitude of m, +2.39 its distance is typical of 
that of most of the Plow’s stars: 83.7 ly. 

Some 450 years ago the Danish astronomer Tycho Brahe recorded 6 Ursae 
Majoris, Megrez, as a 2nd magnitude star, considerably brighter than the m, 
+3.29 we see today. Lying 81.4 ly away Megrez is an A3 of just over two solar 
masses. Spinning at 233 km/s, 121 km/s above average, it has deformed into an 
oblate spheroid, probably 1.5 Do through the poles and 2.1 Do across its 
equator. Its luminosity is 24 Lo but the Von Zeipel effect will have darkened its 
equator. It is considered to be 50 million years old. 
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e Ursae Majoris or Alioth is an «” CVn rotating variable. About 3.8 Do across 
and rotating at 38 km/s the star turns once one its axis every 54 2" 7.7™. As it does 
so light and dark patches appear and reappear causing its magnitude to fluctuate 
between my, +1.76 and 1.78, the phenomena cause by concentrations of certain 
elements in the star’s upper layers. Overall, its luminosity is 100 Lo, the AO 
spectrum indicating a temperature of 9,400 K. ¢ UMa is 80.9 ly away. 

To the north east of ¢ UMa is the 5th magnitude 78 Ursae Majoris which is 
also known as B 1082. Although it is just half a light year farther away than « at 
81.4 ly their angular separation means that they are at least 1.4 ly apart and so 
are probably not a real pair. 78 UMa is a 1.6 Do F2 that weighs in at 1.41 Mo. It 
has a G6 companion of 0.8 Do and 0.9 Mo in a 106.4 year long orbit during 
which time the stars’ separation oscillates between 18 and 49 AU. 

Second magnitude Mizar, C Urase Majoris and 4th magnitude Alcor, 80 Ursae 
Majoris to the north east are generally considered to be a test for good eyesight, 
the two stars separated by 11.8’. A binocular or small telescope will reveal Mizar to 
have another companion, 4th magnitude Mizar B, a fact discovered by Galileo’s 
student, Benedetto Castelli in 1617. We now know that both Mizar A and B, and 
80 UMa, are all binary systems in their own right and may all be part of a 
gravitationally bound sextuplet arrangement. Mizar A (or ¢* UMa, if you prefer) is 
a 1.6 Do A2 of 2.5 Mo and 60 Lo. Its apparent magnitude is m, +2.40, its absolute 
magnitude works out a full magnitude brighter at M, +1.40. Mizar B (¢® UMa) isa 
1.4 De Al of 1.94 Mo and 13 Lo. Its apparent magnitude is m, +3.95, its absolute 
magnitude coming in at M, +2.3. Mizar A and B are separated by 14.4” which 
translates to about 500 AU in real space, the two orbiting their barycenter with a 
period of at least 2,400 years. Mizar A, however, has a much closer companion: a 
4th magnitude star of 2.5 Mo that takes just 20.538 days to complete a full orbit. 
Similarly, Mizar B also has a binary companion: a 0.25 Mo A7 just 0.033” away and 
in a 175.55 day long orbit. 80 UMa, Alcor, a 1.7 De AS of 2.1 Mo and 13 Lo, too 
has a binary mate, a tiny red dwarf, 0.25 Mo, and probably an M3. Its magnitude is 
my +9.19. They are parted by 1.11”, around 25 AU, and take at least 88.65 years to 
orbit one another. But there is a difficulty with this configuration. While the 
Mizars have been measured as being 78.1 ly away, Alcor appears to be significantly 
farther away at 81.1 ly, in which case it is not part of the Mizar arrangement. 
However, instrumental errors in measuring the distances of the stars mean that 
Mizar and Alcor could actually be as close together as 0.27 ly, in which case their 
orbital period will be at least 716,000 years, or they could be as far apart as 5 ly, 
meaning they are not in orbit. 

The five inner stars of the Plow, B y 6 « and ¢ together with x’, 37, 78 and 80 
UMa belong to a cluster of stars that have a common origin and which are 
traveling through space together. Called the Ursa Major Moving Group, or 
Collinder 285, there are perhaps a few dozen other members scattered across 
the sky, including 6 Aqr, y Lep and ¢ Boo, although the membership of some stars 
such as Sirius has been called into question. Like « UMa, n Ursae Majoris does 
not belong to Collinder 285. Marking the end of the handle of the Plow, Alkaid 
as it is otherwise known, is a 3.5 Do B3 and a hefty 6 Mo. Around 101 ly away 
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such massive stars do not last long, perhaps just over 100 million years. With a 
luminosity of 141 Lo and a surface temperature of 20,000 K n UMa appears as a 
m, +1.85 star that would have an absolute magnitude of M, -1.7. It spins as 150 
km/s, taking just 28.3 hours to complete a full turn. 

0 Ursae Majoris is a spectroscopic binary and possibly a triple star system and 
one of the closest stars in the constellation at 44 ly. The primary is a 2.5 Do A3 of 
1.53 Mo and 8 Lo, shining at my +3.17. The spectroscopic companion orbits just 
over 1 AU away with a period of 371 days. A m, +13.8 M6 red dwarf appears to be 
lurking in the background at a distance of perhaps 95 AU. It is less that a third of 
the size of the Sun, 0.29 Do and with a mass of only 0.15 Mo. The orbital period, 
if it is truly a companion, will be in excess of 700 years. 

In traditional depictions of the Great Bear, 0 along with 1 and xk UMa represent 
one of the front paws. 1 Ursae Majoris is a quadruple, the primary being a 1.3 
Do A7, ten times more luminous than the Sun and almost twice as massive at 
1.94 Mo. About 5 AU away is a 0.82 Mo spectroscopic companion about which 
nothing is known other than it is in an 11.02 year long orbit. Some 127 AU 
farther away, and with an orbital period of 817.9 years, is a pair of almost 
identical red dwarves. With apparent magnitudes of m, +10.8 and +11.0 they are 
both 0.41 Mo and keep an average 10 AU from each other in an orbit that runs 
full circle in 39.7 years. The entire system is just 47 ly away and has an apparent 
magnitude of my +3.11. 

At my +3.55 « Ursae Majoris is almost as bright as 1 UMA but is exactly nine 
times farther away, 423 ly. It consists of an identical pair of Al stars of 3.5 Do 
and 3.4 Mo which are locked into a somewhat eccentric orbit that varies between 
11 AU at periastron, their closest point, and 37 AU at apastron, their farthest. The 
orbital period is 35.6 years. Jim Kaler points out that the pair are a total of 4 Mo 
too light indicating that something is amiss with the measurements. 

The hind paw of the Great Bear is traced out by A, p and Ww UMa. A Ursae 
Majoris glows at m, +3.42 from its home 134 ly away, gradually drifting deeper 
into space at 18.1 km/s. It is an A2, about 480 million years old, with a diameter 
of 3.1 Do and a mass of 2.42 Mo, its luminosity coming in at 59 Lo. Nearby, at 
least on the celestial sphere, the red giant p Ursae Majoris is slightly brighter at 
my, +3.04. And much larger. Estimates range from 53 to 62 Do (0.5 to 0.6 AU). If 
the star rotates at half the speed of the Sun, 1 km/s, then it will take between 7.3 
and 8.6 years to turn just once on its axis. An MO class its luminosity is about 850 
Lo but two-thirds of that is radiated in the infrared. It is not alone having a 
companion in a 230 day orbit that averages 1.5 AU. Nothing else is known about 
the unseen consort. y Ursae Majoris is another giant star but ‘only’ 20 Do 
across. A K1 with a mass of 1.84 Mo and luminosity of 100 Lo (170 Lo if you 
count the infrared glow) it has an apparent magnitude of m, +2.99. Around 300 
million years old it lies at a distance of 147 ly. 

Somewhat younger at 100 million years old is the giant v Ursae Majoris. 
About 66 Do across - the size of Mercury’s orbit at perihelion and big enough to 
swallow up 287,496 Suns - this 5 Mo K3 is already well into middle age. Its 1,350 
Lo, only 40% of which is emitted as visible light, produces a my, +3.48 star that 


Ursa Major 


Ursa Major 
Distances 


HD 67447 
1,062 ly@ 


4 


Groombridge 1830 @ @! 
47 


Lalande 21185 


[poh Meet FIN OP emt Ph RN LL Bete Le TN SN DetedNl Dil Nea PIA Mee bol STL el pete 
0 50 100 150 200 250 300 350 400 450 500 
Distance (ly) 


The Current and Future Ursa Major 


AD 2000 a“ 
Gis a \ 
a ae B + 


AD 27,000 


450 The Star Atlas Companion 


would brighten to M, -0.2 at 10 pc. Rotating once every 1,237 days (2.4 years) it 
spins slightly faster than the Sun: 2.7 km/s. Around 421 ly away it is 
accompanied by a m, +10.1 solar analog, a G1 of 1.1 Dg and 1.3 Mg which 
averages 950 AU from the primary - 32 times the Sun-Neptune distance - and 
which takes more than 12,000 years to complete a single orbit. 

& Ursae Majoris is a double binary system 34 ly from Earth. &4? Ursae 
Majoris is a 0.9 Ds GO, similar to the Sun and with a mass slightly higher mass 
at 1.1 Mo and a similar luminosity. Its M3 companion, &“” Ursae Majoris, is 
only a third of the mass of the Sun, 0.37 Mo, and is locked in a 1.834 year orbit. 
£8 Ursae Majoris is similarly a GO of 0.9 Do and 0.9 Mo. Its binary companion 
is also an M-class dwarf but much less massive at just 0.15 Mo and orbits much 
closer taking just 3.98 days to complete a full circle. The two binary pairs are in a 
59.878 year long orbit during which they close in on each other to 13.4 AU and 
then separate by 29.6 AU. 

A massive Sun en route to becoming a red giant probably best describes o Ursae 
Majoris. A very yellow G5 o UMa has a diameter of 14 Do and a mass of 2.96 
Mo. From a distance of 184 ly its 117 Lo yield a star of my +3.30 fading, without 
any discernable regularity, to m, +3.36. Rotating at 3.9 km/s it takes 181.7 days 
to spin once on its axis. Originally a B-class dwarf o UMa is now a middle aged 
star around 350 million years old. At 7.1” (PA 192°), about 400 AU, an M1 red 
dwarf takes more than 4,000 years to orbit the primary. Virtually nothing else is 
known about the companion. 

Naked-eye rotating variables of the BY Draconis type are quite rare and at m, 
+5.64 to +5.72 n' Ursae Majoris is just about visible for most people. Very 
similar to the Sun 2! UMa is a G1.5 of 0.95 Do and 1.1 Mo. Just 46.5 ly away its 
variability is believed to be due to huge starspots or chromospheric activity. 

A little over half a degree south is the totally unrelated star x? Ursae Majoris. 
More than five times farther away at 252 ly xn? UMa is a m, +4.60 K1 giant of 16 
Do and 1.6 Mo. Nothing unusual in that except that it has a planet, a 7.1 Mj ina 
269 day long orbit which is known by its Flamsteed designation of 4 UMa b. 

In classical drawings of the Great Bear one of its ears is marked out by a small 
triangle of stars - p, o' and o* UMa - although they are not physically related 
p Ursae Majoris is an M3 red giant of uncertain dimensions; estimates range 
from 20 through 32 to 59 Do. There is similar uncertainty over its stability, 
revealed in its magnitude which is suspected but not yet proven to vary between 
my, +4.75 and +4.82. It is 287 + 15 ly away. Almost a full degree to the south east 
is o' Ursae Majoris which, despite its designation, is actually the fainter of the 
two o stars. Twinkling at a steady m, +5.15 from 499 ly away it is a K5 rotating 
slower than the Sun at 1.2 km/s. Its diameter is variously quoted as being 29 or 48 
Do which means that its rotational period is between 1,244 and 2,059 days (3.4 
to 5.6 years). Slightly brighter at m, +4.82 is o? Ursae Majoris a little more than 
19.5’ to the north west. By far the closest of the trio, only 66.7 ly away, this Fé 
star has a diameter of 1.5 Do and mass of 1.43 Mo. Rotating at exactly one half of 
the Sun’s velocity, 1 km/s, it spins once every 76 days (Sun 25 days). Keeping it 
company is a K2 dwarf of m, +8.16. Currently 3.5” apart during the course of its 
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1,067 year long orbit the two stars will come to within 22.5 AU of one another 
(rather farther apart than Uranus is from the Sun) but will also separate by 157.5 
AU (more than 5 times the distance of Neptune from the Sun). 

v Ursae Majoris is one of several 5 Scuti pulsating variables, flickering 
between my, +3.68 and +3.86, putting it towards the top end of the class which 
has amplitudes of between 0.01 and 0.19 magnitudes. The period is 3" 7™. A full 
2 Deo across and 1.89 Mo this F2 has an MO red dwarf of about 0.5 Mo with an 
orbital period of at least 5,200 years, the two staying on average 410 AU apart. 

The m, +4.56 of @ Ursae Majoris is deceptive, the magnitude being the 
combined light from two identical A3 stars of about my, +5.34 each. Each with a 
diameter of twice that of the Sun and a mass of three times solar, they orbit each 
other with a period of 105.5 years reaching 79 AU at apastron and less than half 
that - 30 AU - at periastron. The system is 437 ly away. 

The KO.5 giant x Ursae Majoris is 21.4 D. with a mass of 1.95 Mo. Some 196 
ly away it rotates at almost half the speed of the Sun, just 1.18 km/s, taking 918 
days (2.5 years) to complete a single turn. Its luminosity is 98 Lo but that can be 
doubled taking into account that half its output is in the infrared. The result is a 
m, +3.69 star that occasionally dims to +3.72. 

Try as you might you will not be able to find 10 Ursae Majoris in Ursa Major. 
When the IAU redrew the boundaries in the 1920s, 10 UMa became part of Lynx. 
Just to confuse matters further, 41 Lyncis ended up in Ursa Major. The entry on 
Lynx has further details. Another star that migrated to Ursa Major is 55 
Camelopardalis, a G8 supergiant 54 Do across and with a luminosity of 630 
Lo. Now usually referred to by its Henry Draper catalog number, HD 67447, it 
rotates at half the speed of the Sun taking 7.5 years to spin once on its axis. It is 
1,062 ly away. 

23 Ursae Majoris is a binary consisting of an FO of 2.2 Do and 1.75 Mo anda 
0.63 Mo K7 dwarf. Separated by about 530 AU the two stars, which are my +3.65 
and +9.19, take at least 8,000 years to orbit one another. The primary is slightly 
variable between my, +3.65 and +3.68. The system is about 1,200 million years 
old. 

The solar analog 47 Ursae Majoris has a family of at least three planets. A G1 
it is about 24% larger than the Sun, very slightly more massive, 1.06 Mo, and 
more than 1% times more luminous at 1.55 Lo. It rotates at 5 km/s, completing a 
single rotation in 12.6 days (Sun = 25 days). The closest of the three detected 
planets orbits at a distance comparable to the distance of the inner Asteroid Belt 
from the Sun while the next farthest planet is about the distance of the outer 
Asteroid Belt. The third planet has a mean distance just beyond that of Saturn 
although its eccentric orbit means that it varies between 9.74 and 13.46 AU 
(Saturn = 9 to 10 AU). Various attempts have been made to estimate the age of 
the system. Depending on which method is used the star could be as young as 
2,512 million years or as old as 11,654 million years. The table below shows some 
of the estimated age ranges. Because of the possibility of Earth-like planets in 
orbit around this Sun-like star a Message to Extra-Terrestrial Intelligence (METI) 
was transmitted on 3 September 2001. It should reach there in July 2047. 
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Age estimates for 47 UMa 
(in million years) 


Youngest ‘Best’ Oldest Range 
2,512 4,677 8,710 6,198 
3,890 6,310 8,318 4,428 
5,440 6,480 7,920 2,480 
6,728 9,191 11,654 4,926 


For most people the m, +6.45 star Groombridge 1830 (HD 103095) is too 
faint to see without optical aid but it is an interesting object. Discovered by 
Stephen Groombridge (1755-1834) it was reckoned to have the highest proper 
motion at 7.04” per year or 1° in 511 years. The later discoveries of Kapteyn’s Star 
in Pictor (8.70) and Barnard’s Star in Ophiuchus (10.29”) relegated it to third 
place. What makes Groombridge 1830 particularly interesting is its distance of 
29.86 ly. Kapteyn’s Star is just 12.7 ly away while Barnard’s Star is a mere 5.98 ly 
so we would expect high proper motions for these two stars, but Groombridge 
1830 appears to be traveling at a rate of knots, circling the entire celestial sphere 
in just 185,000 years. In fact Groombridge 1830 is an exceptionally fast star with 
a space velocity of 312 km/s, indicating it is one of the Galaxy’s Halo stars. A G8 
it is not particularly big or massive, 0.66 Do and 0.66 Mo, and it is just 0.24 Lo. 
Reports of it having a companion seem to be spurious. It did, however, brighten 
to my +5.85 in 1939 and it has been suggested that it may be a superflare star, a 
flare event being mistaken for a companion. 

At 8.29 ly Lalande 21185 (HD 95735) is the 4th or 6th closest star to the 
Sun, depending on whether you class the « Centauri system as being one or three 
stars. An M2 red dwarf of 0.47 De and 0.43 Mo it is a dim 0.025 Lo and shines at 
m, +7.49 fading to m, +10.48 at 10 pc. A cool 3,380 K it rushes across the celestial 
sphere at 5” per annum and has a space velocity of 102 km/s. Several claims that 
it has a planetary system have been discounted. Believed to be between 5,000 
and 10,000 million years old it is a suspected flare star and is regarded as a BY 
Draconis variable. 


Planetary systems in Ursa Major 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 


nm” UMa 16 K1 252 +4.60 4UMab 7.1M, 0.49 1.25 269.3d 
47 UMa 1.24 GO 45.6 +5.10 47UMab 2.53M, 2.03 2.17 2.95y 
47 UMac 0.54M, 3.25 3.95 6.55 y 
47UMad 1.64M, 9.74 13.46 38.34 y 
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Constellation: Ursa Minor Hemisphere: Northern 
Translation: The Little Bear Area: 256 deg” 
Genitive: Ursae Minoris % of sky: 0.621% 
Abbreviation: UMi Size ranking: 56th 


Ursa Minor is one of Ptolemy’s original 48 constellations and is associated with 
the fable of Calisto (or Callisto) in which it is referred to as Arcas. 


a Ursae Minoris is just 44’ from the North Celestial Pole (NCP) and is known by 
several names including Polaris, the Pole Star, the North Star, Stella Polaris, 
Lodestar and Cynosure (which actually means ‘dog’s tail’). Its altitude above the 
northern horizon in degrees just about equals the observer’s latitude as well as 
indicating the direction of north and in previous centuries was used as a natural 
navigation aid. With a diameter 46 times larger than our own Sun, Polaris is a 
yellowish-white supergiant of 4.57 Mo and 2,290 Lo. Its rotational period is 
155.2 days, the star spinning at 15 km/s. 

Ask the proverbial man-in-the-street what he can tell you about Polaris and 
he’ll probably say it is the brightest star in the sky. In fact Polaris is a modest 
my, +1.92 at best though its absolute magnitude would be M, -4.6, or about as 
bright as Venus. It is a Cepheid-type variable, dimming to magnitude +2.07 with 
a period of 34 23" 16™. Recent research suggests that Polaris may have been a 3rd 
magnitude object at the time of Ptolemy in the 1st Century AD. In 1779 William 
Herschel discovered that Polaris has a companion, a8 UMi, a my, +8.59 F3 star of 
1.39 Mo which lies at a distance of about 2,400 AU. Seen through a telescope the 
two stars are 17.8” apart with the fainter component lying at PA 216°. Their 
orbital period is estimated to be 48,312 years. There is at least a one other star in 
the system, «© UMi, a m, +7.43 F7 of 1.25 Mo which takes 29.59 years to 
complete an orbit, the two stars varying in distance between 6.7 and 27 AU. 
There is some indication that Polaris and its companions may actually be part of 
an open cluster of A and F type stars. 

Polaris lies at a distance of 431 ly and appears to be hurtling towards us at about 
17 km/s. It will be closest to the NCP in AD 2102 but it is only one of a number of 
‘pole stars’. As the Earth spins on its axis the North Celestial Pole appears to gyrate 
around the heavens taking 25,800 years to complete a full circle. Other pole stars 
include B and y UMi between 1,500 BC and AD 500, Alderamin in Cepheus, Vega 
in Lyra (AD 14,000) and Thuban in Draco (2,300 BC). 

B Ursae Minoris, or Kochab, is sometimes referred to as the ‘Guardian of the 
Pole’. Of the 16 naked eye stars in the constellation, six are orange giants with B 
UMi, a K4, being the closest at 126 ly. It is 30 Do across and has a luminosity of 
500 Lo although only 184 Lo is visible to the naked eye, the rest of the output 
being in the infrared. Suspected of being variable between m, +2.02 and +2.08 it 
is also cataloged as NSV 6846. It rotates slightly slower than the Sun, 1.7 km/s, 
and subsequently takes 893 days — 2.4 years - to turn once. 
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Ursa Minor 


8 UMi (A1) 
2.2 x 2.8? Do 


2.5 Mo 
183 ly @ 
Ry 180 km/s ot UMi (F7) 


Rp 19 hours 46 Do 
457M, 
431 ly 
Ry 15 km/s 
& UMi (G5) Rp 155.2 days 
9-18 Do 
3.6 Me 
347 ly 
Ry 23 km/s 
Rp9.8 - 39.6 days 


C UMi (A3) 
4.5x6? Do B UMi (K4) 
3.4Mo 30 Do 
376 ly 5.9 Mo 
Ry 210 km/s 126 ly 
Rp 1.4 days Ry 1.7 km/s 
Rp 2.5 years 


7 UMi (F5) 


Rp 1.3 days 


y UMi (A3) 
7.9 Do 
7.4M5 
480 ly 

Ry 165 km/s 

Rp 2.4 days 
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y Ursae Minoris is another variable, this time of the 6 Scuti type. Switching 
between my, +3.04 and +3.09 with a period of 3” 25™ 56° this A3 is 7.9 Do and 
1,110 Lo. A fast spinner its 165 km/s means it takes 2.4 days to rotate once. It is 
480 ly away. 

Another star with a high rotational velocity is 6 Ursae Minoris. An A1 it 
spins at 180 km/s turning what was once an almost perfect sphere into an oblate 
mass with a polar length of perhaps as short as 2.2 Do while its equator may 
bulge to 2.8 Do. With a temperature of 9,000 K 5 UMi has a mass of 2.5 Mo anda 
luminosity of 47 Lo. From its home 183 ly away it glows at a rock steady m, 
+4.34 but would brighten to M, +1.2 at 10 pc. 

The G5 giant ¢ Ursae Minoris is a triple star system that is both an Algol-type 
and an RS CVn eclipsing binary. Some 347 ly from Earth the star appears to vary 
between my, +4.19 and +4.23 with a period of 39° 11" 33™. Estimates of its size 
vary from 9 to 18 Do while its mass is estimated to be around 3.6 Mo. Its 
rotational velocity is 23 km/s so it takes between 19.8 and 39.6 days to rotate 
once depending on its diameter. At 76.9” an m, +11.2 companion can be seen. 
Probably a KO dwarf it lies at an average distance of 8,100 AU - too far away to be 
the cause of the observed variability. That particular phenomenon is due to a 
spectroscopic binary component which not only eclipses the primary but is also 
sufficiently close, just 0.36 AU, as to disrupt its magnetic field resulting in high 
levels of starspots and other chromospheric activity. 

C Ursae Minoris is another fast spinning A-class star. With a polar diameter 
of around 4.5 Do and an equatorial diameter of about 6 Do the star takes 1.4 
days to turn once on its axis, rotating at 210 km/s. Its mass comes in a 3.4 Mo 
and its luminosity 210 Lo producing a m, +4.27 star twinkling at us from 376 ly 
away. 

Apart from Polaris there are two other naked eye F-class stars in Ursa Minor. n 
Ursae Minoris is a 2 Do FS of 1.52 Mo and with a luminosity of 7.5 Lo. It is 
almost dead on 5th magnitude (m, +4.96) and rotates at 75 km/s - about twice 
the average velocity for its spectral group - yielding a rotational period of 32.4 
hours. It resides 100.7 ly away, somewhat farther than the 82.5 ly of HD 136064, 
the other F-class star. Weighing in at 1.37 Mo it has a diameter of 1.4 Do anda 
luminosity of 4.5 Lo. About 100 degrees cooler than n UMi at 6,300 K it is classed 
as an F9. It is closing in on us at 46.8 km/s. 

More than a third of Ursa Minor’s stars are K-class orange giants. 8B UMi was 
mentioned above. 8 Ursae Minoris, a K5, is the most distant at 832 ly, the 
largest at 48 Do, the most luminous, 528 Lo, and the fastest spinner, its 3.1 km/s 
rotational velocity resulting in a rotational period of 784 days, more than 2 years. 
At 500 ly, the K3 giant 4 Ursae Minoris is 28 Do across and has a luminosity of 
225 Lo. It rotates at 2.2 km/s and takes 644 days (1.8 years) to rotate once. 
Drifting away from us at 10.5 km/s it is accompanied by a spectroscopic 
companion in a 605.8 day long orbit. 5 Ursae Minoris is 345 ly away and is a K4 
of 16 De and 180 Lo. It’s rotational period is 426 days (1.2 years) spinning at 1.9 
km/s. The slowest rotating of the K-class stars is 11 Ursae Minoris. Its 1.5 km/s 
coupled with a diameter of 37 Do results in a period of 1,248.5 days or 3.4 years. 
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It is a K4 at 390 ly. Not much farther is the last of the class, HD 118904, a K2 of 
17 Do, 77 Le and 401 ly. It is always worth considering whether stars that are 
similar distances are related. In the case of 11 UMi and HD 118904, the former is 
heading our way at 16.1 km/s and increasing in both Right Ascension and 
Declination, while the latter is heading away from us at 14.9 km/s and is 
decreasing in Right Ascension and Declination. They seem to be just stars 
‘passing in the night’. 

RR Ursae Minoris is a semi-regular variable swinging between m, +4.53 and 
m, +4.73 with a period of 43° 7" 12™. Lying somewhere between 374 and 422 ly 
it is an M4.5 red supergiant of 51 De (71 million km or about half the size of 
Mercury’s orbit). 


Vela 


Constellation: Vela Hemisphere: Southern 
Translation: The Sail Area: 500 deg” 
Genitive: Velorum % of sky: 1.212% 
Abbreviation: Vel Size ranking: 32nd 


Originally part of the much larger constellation of Argo Navis, the ship of the 
Argonauts, when the constellation was carved up by the IAU in the 1920s it lost 
its a and B stars so the luminary is now y. Similarly missing are ¢, ¢, n, 9 and 1. 


y Velorum is a double binary system that contains the brightest and possibly 
closest Wolf-Rayet star known. To the naked eye y Vel appears as a single star of 
my +1.81 but a small telescope or a good binocular will split the star into two 
separated by 41.2” at PA 220°. y’ Velorum is a B1 with a luminosity of 2,860 Lo 
and a diameter pf 2.7 Do. Rotating at 115 km/s it takes 28.5 hours to spin once 
on its axis. Very little is known about its spectroscopic companion other than the 
fact that it is in a 1.4826 day long orbit. The two stars appear as a my +4.16 star. 
Of rather more interest is y? Velorum, which is another spectroscopic binary. 
The main component is the brightest naked eye Wolf-Rayet stars in the sky (the 
others are HD 152408 in Scorpius at m, +5.29 and 0 Muscae at m, +5.88). With 
a spectral class of WC8, indicating it is of the carbon-rich variety (those that are 
nitrogen-rich are classed as WN stars) y*“ Velorum is at least 17 De across, has a 
mass of 15 Mo and is superluminous, estimated to be 100,000 Lo. Its 
temperature is somewhere between 57,000 K and 100,000 K and it emits a 
ferocious stellar wind that carries mass away from the star at a rate of 100 million 
times greater than the solar wind. It is slightly variable between m, +1.81 and 
+1.87 with a period of just 2™ 34°. Its binary companion, y”® Velorum, is an O7.5 
which is almost as large, 13 Do, twice as massive, 30 Mo, and almost twice as 
luminous, 180,000 Lo, but relatively ‘cool’ at 32,500 K. Separated by just 1.2 AU 
the two stars orbit one another with a period of 78.5 days. The distance between 
the y' pair and the y” pair is thought to be around 15,000 AU. Estimating the 
distance of the system has proven to be problematic with 840 ly looking favorite 
although some authorities suggest they could be as far as 1,200 ly. If y' Vel was 10 
pc away it would appear as a My -3.9 but outshone by y* Vel which would be a 
very impressive M, -5.6. 

5 Velorum is a triple star system at a more certain 79.7 ly. The primary, 5“# 
Velorum, is a my +2.53 Al of 2.6 Do and 2.98 Mo. As the ‘Aa’ superscript 
suggests it has a companion, 5“” Velorum, a spectroscopic component thought 
to be a 1.25 Mo F6 which orbits the primary at a distance of about 0.5 AU taking 
45.15 days to complete a single orbit. The third star in the system, 5® Velorum, 
is much farther out, its orbit varying between 26 and 72 AU and with a period of 
142 years. It is a my, +3.04 A5 of 2.54 Mo. Altogether the three components 
sparkle as a single m, +1.99 star which, in about 7,000 years from now, will 
pinpoint the position of the South Celestial Pole. 
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Y Velorum Double Binary System 


y?8 Vel (07.5) 
13 Do 1B 
30 Mo y'~ Vel (B) 


840 ly 2.5? Do 
3.2? Mo 
840 ly 


1A Vel (B1) 
2.7 Do 
6.5 Mo 
840 ly 

Ry 115 km/s 

Rp 1.2 days 


y?4 Vel (WC8) 
17 Do 
15M5 

840 ly 


Vela's Hypergiants 


HD 80108 (K3) GZ Vel (K3) b Vel (F3) X Vel (K4) 
435 Do 420 Do 400 Do 217 Do 
15 Mo 12M, 18 Mo 12M5 
4,030 ly 1,490 ly 3,106 ly 573ly 
Ry 3.5 kmis Ry 1kmi/s 
Rp 17.2 years Rp 30.1 years 
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« Velorum is a 9.1 Do star some 539 ly away. A B2 with a luminosity of 
18,400 Lo its mass comes in at about 10.5 Mo. Taking 8.4 days to turn on its axis, 
rotating at 55 km/s, « Vel has a spectroscopic companion in a 116.65 day orbit. 
The two are separated by an average 0.5 AU. 

6 and «x Velorum together with 1 and ¢ Carinae make up the False Cross 
asterism that is often mistaken for Crux (the Southern Cross). 

i Velorum is as big as the Earth’s orbit. Some 217 Do across and with an 
estimated mass of 12 Mo this lumbering K4 supergiant takes 30 years to turn 
once on its axis, its rotational velocity just one half that of the Sun’s: 1 km/s. An 
Lc pulsating variable its magnitude fluctuates between my, +2.14 and +2.30 with 
no discernable period. Distance estimates put it at 573 ly. Its absolute magnitude 
is M, -4.4, on par with Venus. 

u Velorum is definitely a binary and could be a triple star. The main star, p* 
Velorum, is am, +2.72 G6 giant. Exactly how much of a giant no one is absolutely 
sure but the figures most often quoted are 11, 13.5 and 15 Do. It appears to be 
rotating at 6 km/s so a single spin on its axis could take 92.8, 113.9 or 126.5 days. 
Just 2.1” away (PA 51°) is the m, +5.59 yellow G2 dwarf, u® Velorum. Their orbit is 
highly eccentric. Over a period of 138 years they get as close as 8 AU and separate 
by as much as 93 AU before returning to their start position. But nothing about the 
system really adds up. The total mass of the stars should be around 6.8 Mg which is 
far too high. And the spectrum is a mess. Enter a spectroscopic companion around 
u Vel, possibly an F8 dwarf in a 116.24 year orbit, and the masses might work out 
at 2.92 Mo for '“ Vel, 2.68 Mg for its spectroscopic companion and 1.2 Mg for u® 
Vel. The system is 116 ly from Earth and, just to muddy the celestial waters even 
more, pt Vel may be a superflare star; the last and only time it was observed to 
brighten, at least in the ultraviolet, was in 1989. 

o Velorum is the brightest member of IC 2391, an open cluster whose 
center is 570 ly away. 0 Vel is 7.1 Do and lies on the innermost edge of the 
cluster at 495 ly. A B3 it is apparently rotating at 15 km/s, a long way short of 
the average for its class of 140 km/s and perhaps suggesting that its pole is 
pointing towards us. It is a B Cephei type pulsating variable and, over a period 
of 27 18" 41™ 46° dims from m, +3.55 to +3.67 and back. The cluster is 
estimated to be about 45 million years old and is 21 ly across (see table below 
for details of other clusters). 

Vela contains three stars that are about 400 Do across, equivalent to 4 AU or 
the size of the orbits of those minor planets on the inner edge of the Asteroid 
Belt. The smallest - if that is the right word! - is the 400 Do b Velorum, an F3 
that is regarded as a PVSG; a Periodically Variable Supergiant, its magnitude 
sometimes dimming from my, +3.80 to +3.91. Lying 3,106 ly away its 22,000 Lo 
would produce a brilliant M, -8.4 at 10 pc. Larger still by some 20 Do is the 7.9 
Mo GZ Velorum, an Lc variable that oscillates between m, +3.43 and +3.81. 
Belonging to the K3 spectral group its absolute magnitude is M, -6.0. It is the 
closest of the three at 1,490 ly and has a luminosity of 9,240 Lo. The farthest and 
largest of the trio is another K3 cataloged as HD 80108. An estimated 4,030 ly 
away its 11,062 Lo results in a my, +5.08 star that is also variable to +5.14. It is 
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reckoned to be 435 Do with a rotational velocity of 3.5 km/s, so it takes 6,291 
days - 17.2 years - to spin once on its axis. 


Open and globular clusters in Vela 


Name Size Size Distance Age Brightest No. stars Apparent 
arc min ly ly million star in my, magnitude 
yrs region* >+12* my 
IC 2391 125’ 21 570 45 o Vel 73 +2.5 
my +3.64 
IC 2395 47' 31.5 2,300 17 HX Vel 128 +4.6 
my +5.49 
IC 2488 18’ 19.4 3,700 129 HD 30225 72 +7.4 
my +8.87 
NGC 2547 40’ 17.5 1,500 36 NN Vel 94 +4.7 
my +5.60 
NGC 2645 10’ 15.8 5,440 19 HD 73919 15 +7.0 
my +8.85 
NGC 2669 14’ 13.9 3,400 84.5 HD 75105 19 +6.1 
my +7.64 
NGC 2910 6 14.8 8,500 160 HD 82420 18 +7.2 
my +9.24 
NGC 2925 15’ 10.9 2,500 71 HD 82812 34 +8.3 
my +8.44 
NGC 3228 28' 14.7 1,800 85.5 HD 89713 50 +6.0 
my +6.94 
NGC 3330 13’ 10.9 2,900 169 HD 92348 18 +7.4 
my +8.82 
Pismis 4 18’ 10 1,940 34 HD 73075 14 +5.9 
my +7.32 
Trumpler 10 75’ 30.5 1,400 35 HD 74772 385 +4.6 
NGC 3201 18.2’ 77.8 14,700 Globular cluster +8.2 


*May not be a cluster member. 


Virgo 


Constellation: Virgo Hemisphere: Equatorial 
Translation: The Virgin Area: 1,294 deg” 
Genitive: Virginis % of sky: 3.317% 
Abbreviation: Vir Size ranking: 2nd 


The largest Zodiacal constellation and second largest of all the constellations, 
Virgo has been associated with several mythical females including Astrzea or 
Dike, the Greek Goddess of Justice (the constellation is next to Libra, the Scales of 
Justice), Ishtar from Babylon, Erigon the daughter of Icarus, Persephone the 
Goddess of Innocence and Purity, and Demeter the Corn Goddess. The Sun 
passes through Virgo between 16 September and 31 October. 


a Virginis, the 15th brightest star in the sky, is probably better known by its 
common name of Spica. It is a double-variable as well as being a quadruple star. 
The primary is a 7 Do, 9.4 Me B1 with a luminosity of 12,000 Lo. Its magnitude 
fluctuates between m, +0.98 and +1.05 with a period of 4° 0" 21™ due to the 
close proximity of a 3.9 Do, 5.9 Mo B3. The two stars are separated by an average 
of just 0.12 AU (18 million km) and physically deform one another into 
teardrops. As the stars present a continually changing face to us they appear to 
vary in magnitude. However, apart from this external influence the primary is 
also intrinsically variable. Belonging to the B Cephei class of variables it pulsates 
over a period of 4" 5™ causing its brightness to dip by 0.015 magnitude. The third 
star in the system is a my, +4.50 B-class dwarf of 4.38 Mo that has an orbital 
period of 1.823 years. Farther out, with a period of 55.208 years, is a my +7.50 
dwarf that has a mass of 1.79 Mo. It was long believed that the Spica system was 
262 ly from Earth but the latest measurements indicate a slightly closer distance 
of 250 ly. 

Not the second but the fifth brightest star in the constellation B Virginis has 
both an apparent and absolute magnitude of about +3.6, a product of it lying at a 
distance of 35.6 ly, just slightly farther than the 10 pc (32.6 ly) used to calculate 
absolute magnitude. Sometimes classed as an F8, sometimes an F9, it is not 
totally dissimilar to our own Sun: a third more massive at 1.36 Mo, about 1.4 Do 
across but a rather more luminous 3.5 Lo its temperature is around 6,150 K (Sun 
= 5,780 K) and its rotational period is 1 km/s (Sun = 2km/s) resulting in a 
rotational period of almost 71 days. B Vir’s upper age limit is 4,700 million - 
comparable to the Sun’s 4,567 million years - although the lower age estimate is 
2,800 million years. It is drifting away from us at a steady 5 km/s. 

Similar in distance to B Vir - just 3 ly farther away - y Virginis or Arich is a 
pair of identical FO dwarfs of 1.2 Do, 1.4 Mo and 4.7 Lo. In 2007 they came as 
close as 5 AU, about the distance Jupiter is from the Sun, but over the next 171.4 
years the two stars will drift apart until they reach a separation of 81 AU before 
closing again. A third apparently identical star is a line of sight coincidence. 

Although 80% of all stars are M-class they represent less than 7% of those 
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visible without optical aid, their relatively low luminosity making them mostly 
invisible. 5 Virginis is an M3 and is a giant 65 Do across, its mass coming in at 
about 1.8 Mo and with a luminosity of around 135 Lo visible, 630 Lo if we take 
into account that most of its energy is radiated in the infrared. Some 202 ly away 
it is m, +3.40 though may be sometimes variable to my +3.32; a period of 3° 1" 
16™ has been suggested. 

About 102 ly away lies the G8 giant ¢ Virginis. A dozen times larger than the 
Sun and twice as massive it takes almost a full year - 357.3 days - to rotate once on 
its axis spinning at 1.7 km/s. Some 600 degrees cooler than the Sun at 5,100 K its 59 
Lo result in a my +2.82 star that would brighten to M, +0.2 at 10 pe. ¢ Vir is useful 
for locating the Virgo cluster of galaxies that lie between it and B Leonis. The cluster 
of up to 2,000 galaxies is at the center of the much larger Local Supercluster. 

¢ Virginis used to be north of the Celestial Equator but in February 1883 it 
migrated southwards, the result of precession. An A3 lying 73.2 ly away it has a 
diameter of 1.9 Do and mass of 2.1 Mo. A3 class stars have an average rotational 
velocity of 112 km/s but ¢ Vir just about reaches double that speed at 222 km/s, 
spinning once every 10.4 hours. It is thought to be about 500 million years old. 

n Virginis is a triple which looks like a single star of m, +3.87. The primary, 
n* Virginis, is am, +4.20 A2 of 1.6 Dg and mass of 2.68 Mo. Orbiting just 0.5 
AU away is the 1.66 Mo 14? Virginis in a 71.792 day long orbit. The third 
component, n® Virginis, is in a 13.07 year orbit averaging 10 AU from the close 
pair. Its mass is calculated to be 2.04 Mo. All the stars in the system, which is 250 
ly away, are likely to be A-class. 

0 Virginis appears to be another triple system but the details remain 
uncertain. The primary is an Al of 1.5 Do and carrying a mass of 2.98 Mo. Its my, 
+4.50 is enhanced by the presence of the other components so it appears a 10th 
of a magnitude brighter. Separated by just 0.219” is the secondary component, a 
m, +6.84 dwarf with an estimated mass of only 0.08 Mo. Its orbital period is 
33.04 years. Farther out at 7.1” is the m, +8.03 companion in a 12,197 year orbit. 
Its spectral class has been variously identified as being an A5, A9 and an F2. A 
fourth K2 star 71” away is probably just a line of sight coincidence. 

Virgo has an interesting collection of planetary systems. 61 Virginis is very 
much a Sun-like star lying just 27.8 ly away. A G7 it is slightly smaller and less 
massive than the Sun, 0.94 Do, 0.90 Mo, and not as luminous at 0.82 Lo though 
considerably older: 12,000 million years (Sun = 4,567 million years). All three 
planets so far discovered are less massive than Jupiter by a considerable margin, 
the least being 61 Vir b which is estimated to be 5.09 Mg. Its diameter may be 
around 1.7 times that of the Earth but any thoughts of it being home to 
intelligent life would seem optimistic with its orbit taking it to within just 6.6 
million kilometers of the star. Mercury, by comparison, stays at least 46 million 
kilometers from the Sun. The detection of a debris disk around the star hints at 
the possibility of other terrestrial type planets that are as yet undetectable. 

Another close solar analog is 70 Virginis. A G5, similar to the Sun, but nearly 
twice the size at 1.97 Do it has just one planet that weighs in at 7.44 Mj. The 
system is 59 ly away. 
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PSR 1257+12 is a millisecond pulsar 979 ly distant, which appears to have a 
planetary system. Pulsars are created when a massive star explodes as a supernova 
and the core is compressed to a diameter of 20-30 km forming a neutron star (i.e. 
composed almost entirely of neutrons). The neutron star spins rapidly and emits 
a high intensity beam of radiation from its magnetic axis which may not be the 
same as its rotational axis. As the beam points towards the Earth the star appears 
to flash or pulse. It is not clear how the three terrestrial type planets came into 
existence but they are thought to have formed after the supernova, the explosion 
likely to have either destroyed them or ejected them from the system altogether. 
The masses of the three planets are 0.02 Mo, 3.81 Me and 4.13 Mo. 

From the tiny to the titanic, the variable star HW Virginis has two known 
planets, one of which has a mass of 19.2 My indicating it is a brown dwarf. The 
star itself is an Algol-type eclipsing binary consisting of a B-class sub-dwarf and 
an M-class red dwarf. 


Planetary systems in Virgo 


Star Do Spectral ly my Planet Minimum q Q P 
class mass 
HW Vir ? sdB+M 290 +10.9 HWVirb 19.2 M, ? 2? 15.79 y 
HW Virc 8.5 My ? ? 9.09 y 
61 Vir 0.94 G7 27.8 +4.74 61Virb 5.09Me 0.044 0.056 4.22d 


61 Virc 0.0573 M 0.19 0.25 38.02 d 
61 Vird 0.072 M, 0.31 0.64 123.0d 


70 Vir 1.97 G5 59 +497 70Virb 7.44M, 0.29 0.67 116.7d 
PSR ? ? 979 ? PSR 0.02Me 0.19 0.19 25.26d 
1257+12 1257+12 b 


PSR 4.13 Me, 0.35 0.37 665d 
1257412 c 


PSR 3.81 Me 0.45 0.47 98.2d 
1257+12 d 


Volans 


Constellation: Volans Hemisphere: Southern 
Translation: The Flying Fish Area: 141 deg” 
Genitive: Volantis % of sky: 0.342% 
Abbreviation: Vol Size ranking: 76th 


Originally called Piscis Volans, the constellation is another invention of Keyser 
and de Houtman. 


Lying somewhere between 122 and 126 ly from Earth a Volantis is 1.3 or 1.4 or 
1.9 or 2.5 or 2.75 Do depending on who you ask (the average works out at 1.97 
Do). Its mass is better defined - 1.87 to 2.20 Mo - but its spectral class seems to 
lie in the range of A2 to A7. There is widespread agreement that its luminosity is 
about 30 Lo and its apparent magnitude is spot on my, +4.00 with its absolute 
magnitude calculated at M, +2.50. It may or may not be surrounded by a debris 
disk and if its rotational velocity is anywhere near accurate at 34 km/s - just a 
third of the average for its class - then it will take between 1.9 and 4.1 days to 
rotate once. And to cap it all it is actually the Sth brightest star in Volans. 
Altogether quite a troublesome little star in an otherwise quiet constellation. 

B Volantis, by comparison, is happily shining away at 4,570 K, 108 ly from 
Earth. It is 18 Do across, about average for a K3, has a mass of 1.1 Mo and 28 Lo. 
It is not the only K-class star in the constellation. HD 70514 is another K1, 296 
ly away with a diameter of 13 De and luminosity of 63 Lo. HD 53501, a 25 Do 
K3 is slightly closer at 290 ly while ¢ Volantis is less than half the distance at 134 
ly. It is a KO, as is y? Volantis which is by far the most interesting of the bunch. 
A measured 12.7 Do across it has a luminosity of 71 Lo and mass of 2.5 Mo, a 
fact that has been acquired thanks to the presence of an F2 binary companion 
called, not surprisingly, y' Volantis. Separated by 12” at PA 297° the 1.9 Do 
partner is somewhat less massive, 1.6 Mo, and luminous, 8 Lo. Their orbital 
distance must average around 600 AU leading to a 7,500 year long orbital period. 
The system is between 600 and 700 million years old. 

5 Volantis is the giant of the constellation at 50 Do, although a figure of 106 
Do has also been quoted. An F6 of 860 Lo it is also the farthest star at 660 ly. At 
10 pc its absolute magnitude would be M, -5.4. 

¢ Volantis is a binary and possible triple star arrangement. The primary is a 2 
Do B6 weighing in at a hefty 5.76 Mo. Its slow apparent rotational period of 20 
km/s is probably a matter of perspective with the Earth looking towards the star’s 
pole giving the impression that it is rotating much slower than it actually is. The 
average velocity for such stars is 147 km/s. Its spectroscopic companion is a B6 of 
3.26 Mo in an orbit of only 14.168 days. The third component, if it is truly 
associated with the binary pair, is a B9.5 of 2.86 Mo. Its orbital period is in excess 
of 12,000 years. The system is 642 ly away. 
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Vulpecula 


Constellation: Vulpecula Hemisphere: Northern 
Translation: The Fox Area: 268 deg” 
Genitive: Vulpeculae % of sky: 0.650% 
Abbreviation: Vul Size ranking: 55th 


One of the most obscure constellations in the Northern Hemisphere, Vulpecula 
was introduced by Johannes Hevelius who called it Vulpecula cum Ansere 
meaning ‘the little fox with the goose’. The goose has long since flown, courtesy 
of the IAU, and the fox is encircled by Cygnus, Lyra, Hercules, Sagitta, Delphinus 
and Pegasus. Only one star has a Bayer designation, the others all carry Flamsteed 
numbers. The constellation’s most notable feature is the Coathanger cluster. 


The keen sighted, and those with a binocular, will see « Vulpeculae as a double 
star. The brighter is a my +4.45 MO red giant, one of only five M-class stars, the 
others being in Hercules (an M5), Cetus (M1.5), Orion (M2) and Scorpius which 
is also an M1.5. Unlike the others, however, « Vul does not appear to be variable. 
At 53 Do and 1.5 Mo it is one of the more modest red giants but also one of the 
speediest hurtling towards us at 85.5 km/s. Its apparent companion, the my, +5.82 
KO star 8 Vulpeculae, lies 7’ to the north east at PA 28.5°. Yet the two are 
unrelated, « Vul some 297 ly away with 8 Vul being much farther at 484 ly. 

22 Vulpeculae is a G2 yellow supergiant, 120 Do across; just slightly smaller 
than the orbit of Venus. With a rotational velocity of 15 km/s it takes more than 
a year - 405 days - to rotate once. Its mass of 6.25 Mo means that it is doomed to 
a swift existence, burning out in just 100 million years or 1% of the lifetime of 
our Sun. It is also known by is variable designation of QS Vulpeculae. In 1983 it 
was discovered that 22 Vul is an eclipsing spectroscopic binary. Its unseen 
companion, a B9 dwarf, orbits the primary in 249.12 days. As it passes in front of 
the G2 star its magnitude dips from my +5.18 to +5.30 for a period of 9.8 days. 
The stars lie at an uncertain distance of 4,349 ly. 

Collinder 399 is not a true cluster but an asterism of 10 stars that resemble a 
coathanger. Also known as Brocchi’s Cluster it includes 4, 5 and 7 Vulpeculae. 
The closest star is 5 Vulpeculae at 218 ly with HD 182422 being the farthest at 
1,133 ly. Magnitudes range from my, +5.16 to +7.16. 
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Stars — Catalog Numbers 


BD +20° 2457, 264 


CoRoT-3, 48 
CoRoT-6, 48, 323 
CoRoT-7, 302 

CPD -62° 332B, 384 


DENIS 1048-39, 28 
DM +03° 3903, 48 

DM -10° 4718, 413 
DM -25° 4236, 108 
DM -38° 3756, 381 
DM -42° 6983, 143 
DM -49° 11417, 54 
DM -53° 8183, 54 

DM -61° 4106, 143 


GJ 35, 372 

GJ 436, 264 

GJ 581, 275-6 

GJ 667, 408 

GJ 674, 52 

GJ 676, 52 

GJ 849, 40 

GJ 876, 38, 40 

GJ 1214, 323 

GJ 3021, 251, 253 
Gl 649, 241 
Groombridge 1830, 375, 453 


HAT-P-2 b, 270 
HD 108, 135 

HD 1237, 251, 253 
HD 3161, 150 

HD 4629, 372 

HD 5848, 149 

HD 7924, 135-6 
HD 9311, 136 

HD 10307, 26 

HD 10483, 136 
HD 10494, 136 
HD 10679, 372 
HD 11885, 26 

HD 11977, 251, 253 
HD 12027, 26 

HD 13122, 136 
HD 15557, 136 
HD 16626, 136 
HD 17156, 135-6 
HD 17505, 136 


HD 18326, 136 
HD 18661, 136 
HD 20644, 58 
HD 23324, 428 
HD 23648, 88 
HD 23753, 428 
HD 23871, 88 
HD 23982, 88 
HD 24065, 88 
HD 24116, 88 
HD 24514, 88 
HD 24895, 88 
HD 25090, 88 
HD 25290, 88 
HD 25443, 88 
HD 30504, 67 
HD 30650, 71 
HD 32800, 71 
HD 33283, 271 
HD 34545, 71 
HD 35519, 71 
HD 36959, 332 
HD 36881, 334 
HD 36960, 332 
HD 37016, 337 
HD 41004, 366 
HD 41943, 231 
HD 41996, 231 
HD 43740, 231 
HD 46588, 87 
HD 49009, 71 
HD 49091, 108 
HD 52938, 302 
HD 53501, 469 
HD 54388, 302 
HD 54411, 108 
HD 55876, 302 
HD 56847, 108 
HD 57270, 108 
HD 58509, 108 
HD 58535, 108 
HD 59067, 381 


HD 62000, 380-1 


HD 62679, 381 
HD 63032, 381 
HD 66194, 123 
HD 66342, 123 
HD 67097, 381 
HD 69830, 381 
HD 70078, 381 


HD 70514, 469 
HD 75156, 94 
HD 81040, 264 
HD 87283, 126 
HD 88133, 264 
HD 89307, 264 
HD 90772, 123 
HD 90552, 123 
HD 91969, 126 
HD 92207, 126 
HD 93129, 126 
HD 93163, 120 
HD 93607, 120 
HD 96544, 126 
HD 97166, 126 
HD 97534, 126 
HD 97581, 126 
HD 99492, 264 
HD 100777, 264 
HD 100943, 143 
HD 101379, 303 
HD 101280, 303 
HD 101545, 143 
HD 102272, 264 
HD 103095, 453 
HD 108147, 186 
HD 116721, 143 
HD 118904, 458 
HD 119699, 143 
HD 123247, 143 
HD 126449, 143 
HD 126640, 143 
HD 127753, 143 
HD 133640, 79 
HD 134987, 275 
HD 135345, 280 
HD 135591, 160 
HD 136118, 418 
HD 137709, 280 
HD 139357, 211 
HD 141937, 275 
HD 145782, 311 
HD 147506, 241 


HD 147513, 334, 408 


HD 148427, 323 
HD 149026, 241 
HD 149143, 323 
HD 150135, 54 
HD 150627, 54 
HD 151932, 407 
HD 152079, 52 
HD 152234, 408 
HD 152270, 407 
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HD 152293, 400 


HD 152408, 407, 459 


HD 152917, 54 

HD 154345, 241 
HD 154672, 52 

HD 154857, 52 

HD 155358, 241 
HD 156411, 52 

HD 156668, 241 
HD 156846, 323 
HD 159868, 408 
HD 161573, 323 
HD 162020, 408 
HD 162587, 408 
HD 163245, 397 
HD 164604, 397 
HD 164816, 396 
HD 164863, 397 
HD 164922, 241 
HD 165052, 396 
HD 167042, 208 
HD 168302, 397 
HD 168352, 397 
HD 168443, 418 
HD 169830, 397 
HD 170200, 323 
HD 170469, 323 
HD 170764, 397 
HD 171028, 323 
HD 171238, 397 
HD 172365, 418 
HD 173348, 413 
HD 174512, 413 
HD 174664, 284 
HD 176051, 288 
HD 179079, 48 

HD 179949, 397 
HD 181433, 341 
HD 181484, 390 
HD 181720, 397 
HD 182422, 471 
HD 183263, 48 

HD 187085, 397 
HD 188753, 197 
HD 190647, 397 
HD 192263, 48 

HD 192699, 48 

HD 193076, 198 
HD 193322, 198 
HD 193664, 211 
HD 194279, 198 
HD 197076, 201 
HD 203921, 198 
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HD 204961, 234 
HD 205210, 198 
HD 206267, 150 
HD 208218, 150 
HD 208487, 234 
HD 210277, 38, 40 
HD 211415, 232 
HD 212330, 444 
HD 213240, 234 
HD 215907, 150 
HD 216437, 256 
HD 216946, 257 
HD 217987, 375 
HD 219449, 40 
HD 220770, 136 
HD 222582, 40 
HD 239886, 150 
HD 240210, 136 
HD 240221, 150 
HD 242908, 71 
HD 244949, 71 
HD 250290, 231 
HD 284659, 431 
HD 285968, 433 
HD 332845, 198 
HR 285, 149 

HR 8799, 348 
HIP 3829, 372 
HIP 8920, 58 
HIP 36208, 112 
HIP 70849, 280 
HIP 75458, 211 


KELU-1, 248 


Lacaille 9352, 374 
Lalande 1299, 371-2 
Lalande 21185, 453 
Lupus-TR-3, 280 


MOA-2007-BLG-192-L, 396-7 
MOA-2007-BLG-400-L, 397 


Nova Herculis 1934, 240 


OGLE-05-071L, 408 
OGLE-05-169L, 397 
OGLE-05-390L, 407-8 
OGLE-06-109L, 397 
OGLE-235-MOAS3, 397 


OGLE-TR-10, 397 
OGLE-TR-56, 397 


PSR 1257+12, 468 
PSR B1620-26, 407-8 


SAO 75016, 58 

SN 1604, 322 

SNR G120.1+0.12, 135 
SWEEPS-04, 397 
SWEEPS-11, 397 


T Tauri, 432 

TrES-3, 241 
TVLMS513-46546, 71 
TYC 148-2862-1, 302 
TYC 776-1313-1, 231 
TYC 3104-3020-1, 198 
TYC 3608-1659-1, 198 
TYC 4016-97-1, 136 
TYC 4032-1211-1, 136 
TYC 4067-120-1, 88 
TYC 4067-206-1, 88 
TYC 4067-939-1, 88 
TYC 4067-1150-1, 88 
TYC 4068-1064-1, 88 
TYC 4068-1253-1, 88 
TYC 4281-1230-1, 136 
TYC 5407-41-1, 108 
TYC 6363-1044-1, 116 
TYC 6787-1927-1, 408 
TYC 8893-2225-1, 307 


VB 10, 48 


WASP-10, 347-8 
WASP-12, 70 
WASP-17, 408 

Wolf 359, 72, 259, 262 
WR 48, 303 

WR 78, 407 

WR 79, 407 

WR 79a, 407 


B 101, 380 

B 648, 288 

B 1082, 446 

D 1694A, 87 

x 1909, 79 
1987A, 206, 299 


Stars — Named 


Achernar, 215 
Acubens, 89 

Ain, 322 

Al Bali, 34 

Albireo, 188 
Alchiba, 178 

Alcor, 446 

Alcyone, 425-8 
Aldebaran, 421-22 
Alderamin, 144 
Algol (al Ghul), 3, 349, 353 
Alkaid, 446 
Alphard, 245 

Altair, 41 

Amazon Star, 326 
Antares, 272, 399 
Arcturus, 72, 284 
Asellus Australis, 89 
Asellus Borealis, 89 
Asellus Primus, 75 
Asellus Secundus, 75 
Asellus Tertius, 75 
Asterion, 95 
Asterope, 425-8 
Atlas, 428 

Atria, 439 

Avior, 117 


Barnard’s Star, 72, 320-1, 363, 373, 453 


Beid, 220 

Bellatrix, 326 

Betelgeuse, 41, 324-5, 399 
“Brown’s Star’, 299 


Canopus, 72 
Capella, 8, 60 
Castor, 224 
Celeano, 425-8 
“Cerastes”, 296 
Chara, 95 
Cleeia, 422 
Cor Caroli, 95 
“Ctesias’”’, 296 
Cynosure, 454 


Dabih, 113 
Deneb, 188, 191 
Denebola, 259 
Diadem, 166 
Dog Star, 99 
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Dubhe, 445 


Electra, 425-8 
Elizabeth, 422 
Eudora, 422 


Fomalhaut, 90, 373 


Garnet Star, 149, 336 
Gemma, 174 

Gomeisa, 109 
Gorgonea Prima, 349 
Gorgonea Secunda, 354 
Gorgonea Tertia, 357 
Gorgonea Quarta, 357 


Hamal, 55 

Hatsya, 332 

Hind’s Crimson Star, 271 
Hyadum I, 422 

Hyadum II, 422 


Kapteyn’s Star, 363, 373, 453 
“Kartajan”, 296 

Keid, 220 

Kepler’s Star, 322 

King’s Heart, 95 

Kitalpha, 213 

Kochab, 454 


La Superba, 95 
Lodestar, 454 
Luyten’s Star, 112, 299 


Luyten’s Flare Star (Luyten 726-8), 156 


Maia, 425-8 
Megrez, 445 
Merope, 425-8 
Mira, 154 

Mirach, 19 

Mizar A and B, 446 


Na’ir al Saif, 332 
“Nemesis”, 26 
North Star, 454 


Peacock, 338 
Phad, 445 
Phaeo, 422 
Phaesyla, 422 
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Phecda, 445 

“Phycochroma”, 151 

Plaskett’s Star, 296. 299 

Pleione, 428 

Polaris, 144, 149, 207, 454 

Polaris Australis, 312, 315 
“Polaris Galacticus Australis’’, 409 


“Polaris Galacticus Borealis, PolGarBol’’, 


166 
Pollux, 8, 224 
Polyxo, 422 
Procyon, 109 
Procyon B, 109, 371 
Pro Tu Kynos, 109 
Proxima Centauri, 72, 137 
Pup, 99 


Ras Alhague, 316 
Regulus, 259 

Rigel, 220, 324 
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